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0© (54) Title: METHODS FOR PRODUCING IMMORTALISED ANTIBODIES-SECRETING CELLS 



2 ( 57 ) Abstract: A method for producing immortalized antibody-secreting cells, comprising: (a) providing a transgenic animal having 
antibody-secreting cells capable of expressing one or more transgenes, wherein the antibody- secreting cells are in a non-immortalized 
state in the absence of a stimulus and are capable of changing to an immortalized state by means of the trans gene or transgenes upon 

£>- exposure of the cells to the stimulus; (b) extracting the antibody-secreting cells from the animal; and (c) exposing the antibody- 
secreting cells to the stimulus, thereby immortalizing the antibody secreting cells by means of the transgene or transgenes. 
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The invention describes methods for the isolation of clonal cell lines secreting an 
antibody of choice from a transgenic mouse. In one embodiment of the invention the 
transgenic animal is an 'Iffimortomouse'. In a second embodiment it is one in which 
inducible expression of an oncogene(s) or a combination of oncogene(s) with a gene 
expressing antisense directed to a tumour suppressor sequence or a gene whose 
product inactivates a tumour suppressor protein, or a transgenic mouse in which the 
tumour suppressor gene has been inactivated, are expressed in a suitable combination. 
In all cases the purpose being to derive monoclonal antibodies without the 
requirement for fusing antibody-secreting cells, such as spleen cells, with myelomas 
to produce hybridomas. In a further embodiment of the invention the production of 
humanised antibodies is achieved by breeding the transgenic mice described herein 
with those in which the mouse Ig locus has been humanised. 

' The invention describes a method for the production of monoclonal antibodies 
(mAbs) from transgenic mice. This method provides a significant improvement oyer .... 
the widely used mAb methodology originally described by Kohler and Milstein in 
1975, the core technology of which has remained largely unmodified since. In essence 
the methods of the invention described herein will provide a more rapid and efficient 
means of producing monoclonal antibodies and humanised monoclonal antibodies for 
research and therapeutic use, by the elimination of the myeloma/spleen-cell fusion 
step. 

Background of the invention 

Monoclonal antibodies are utilised widely in both the academic and commercial 
pharmaceutical and biotechnology sectors. They are used to detect specific entities, 
commonly referred to as antigens, such as - but not exclusively - proteins or peptides, 
through an interaction with a specific site on that entity known as the epitope. The 
same epitope may be found on different proteins, similarly any one protein may 
display several different epitopes. Such reagents are commonly used in basic research, 
diagnostic, assay development and more recently therapeutic applications. 
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Antibody specificity is defined as the degree to which an antibody will recognise and 
distinguish one epitope (or subset of epitopes) from a diverse repertoire of other 
epitopes. Although the absolute degree of specificity required of the antibody may be 
application specific, it is generally the case that the investigator desires maximum 
specificity from the antibody, thus minimising the likelihood of obtaining false results 
as a consequence of non-specific interactions. The greater the requirement for 
specificity, the more challenging it can become to generate such a reagent Thus it 
follows that improvements in the efficiency of producing, selecting and cloning cells 
which secrete monoclonal antibodies will increase the likelihood of being able to 
obtain a reagent with the required application-specific characteristics. 

Although well established and widely utilised, the fundamental method for producing 
antibodies by fusing splenic lymphocytes with myeloma cells has remained largely . 
unmodified for the past 25 years. Due to some of the limitations inherent in this 
technique, many new technologies have been developed to produce protein 
(antigen/epitope) recognition reagents with similar characteristics , and in some cases 
structures - to the traditional monoclonal antibody. These include phage display, 
phagemid display, scFV and others (Adams and Schier 1999; Walter et al. 20Q1). 
Despite the potential advantages and promise of many of these new technologies, 
antibodies produced by the hybridoma method - or a modification thereof - developed . 
by Kohler and Milstein (1975) remains the method of choice in most in-house and 
contract laboratories. Thus an advance which significantly improves the efficiency, 
reliability and ultimately the likelihood of engineering a useful reagent via this 
method - as described in this invention - provides a significant breakthrough. 



Current methods of producing monoclonal antibodies and their limitations 

Activation of p-lymphocytes can lead to the production of an antibody specific for a 
given antigen. However the utility of these p-lymphocytes is limited for in vitro 
antibody reagent production as such cells are short-lived in cell culture (Kohler and 
Milstein 1975). Thus methods have been developed to enable these antibody secreting 
cells to survive in culture by fusing them with immortalised cell lines (myelomas), 
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which themselves can grow indefinitely in culture. Many of the myeloma lines used 
today were originally antibody-secreting themselves, such as Sp2 cells. Thus the 
challenge faced by the pioneers of monoclonal antibody technology was threefold: 1) 
to develop appropriate immortalised cell lines which themselves secrete no antibodies 
but would enable immortalised growth of a myelomas-lymphocyte hybridoma, 2) to 
optimise the fusion of the p-lymphocyte and myeloma line, and 3) to devise a method 
of selecting hybridoma cells over both non-fused myeloma and P-lymphocyte cells. 
Kohler and Milstein in (1975) were the first to describe a method which achieved 
these goals by fusing the p-lymphocyte with a myeloma line using Sendai virus. Later 
it was discovered that polyethylene glycol (PEG) could achieve the same aim. PEG is 
widely used today as the fusion agent of choice; the reagent often referred to as the 
'fusogen'. 

The host used for monoclonal antibody production is in most cases a Balb/c or Balb/c 
hybrid mouse, since most of the myeloma cell lines are derived from Balb/c mice. The 
antigen may be a peptide, pure protein, partially purified protein or perhaps a non- 
purified tissue sample. It may also be soluble or insoluble. The immunisation schedule 
often involves the co-injection of an adjuvant such as freunds to assist in the induction 
of an immune response. Additionally less immunogenic antigens and peptides are 
often coupled to a carrier such as key-hole lympet haemocyanin (KLH) to increase 
their immunogenicity. The immunogenicity defining the likelihood that the antigen 
will induce the required immune response. The progress of the immune response is 
measured by taking serum samples throughout the schedule and testing - by methods 
such as enzyme linked immunoabsorbeht assays (ELISA) or western blotting - for the 
presence of antibodies specific for the antigen of interest. Once a strong immune 
response against the antigen of interest has been detected the, p-lymphocytes (usually 
from spleen) are harvested and fused with the myelomas. The precise timing of the 
spleen harvest with respect to the final immunisation, can influence the efficiency of 
the fusion (Stahl et al 1983; Cianfiriglia et al 1986; Cianfriglia et al 1987). 

The fusion 

The success of the fusion between the spleen derived p-lymphocytes and the myeloma 
cell line may be controlled - at least to some extent - by a number of factors. These 
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include, although not exclusively; the fusogen, temperature, cell mixing protocol, 
ratio of spleen to myeloma cells, time of fusion, cell fusion recovery protocol, 
media/buffer batches and of course the investigator. The precise details of the 
protocol and success of the fusion often vary from laboratory to laboratory and even 
from experiment to experiment (Igarashi and Bando, 1 990). 

The fusion is catalysed by the addition of polyethylene glycol (PEG) to a suspension 
of spleen and myeloma cells. The success of the procedure is very much dependent on 
the skill and experience of the operator, as the freshly fused cells are sensitive to 
mechanical and chemical disruption. The method of PEG addition to the cells and the 
formulation of PEG used has been optimised to achieve fusion frequency of around 
6X10 -6 to 3xlO' 5 (Lane et al. 1984; Lane 1985; Lane et al. 1986). The fusion 
• frequency being defined as the number of hybridomas generated divided by the 
number of lymphocyte cells used in the fusion (approximately lxl 0 8 cells total from a 
single spleen). 

An alternative method to the use of PEG as the fusogen is 'electrofusion', where an 
electrical field is used to fuse the spleen cells with myelomas. Under optimal 
conditions it has been possible to increase the fusion frequency to 10" -10 (Schmitt 
et al. 1989) or 10' 3 (van Duijn et al. 1989), around an 80-fold improvement on the 
traditional PEG method described above. The number of antigen-specific hybridomas 
as well as the total number of hybridomas was similarly increased by this method, the 
improvement being independent of the immunisation procedure, the antigen or the 
source of the lymphocytes. Hui et al. (1993) has analysed a number of publications 
where the PEG and electrofusion methods have been compared directly in the same 
experiment They conclude that on the whole, the electrofusion procedure offers an 
improvement in the fusion rate, either measured by the number of HAT resistant or 
antibody producing clones generated. A. further report indicates approximately a 10- 
fold improvement in fusion rates - utilising the electrofusion technique compared to 
the PEG method - across thirty-six experiments (Karsten et al. 1993). However the 
rate of success is not consistent across all laboratories, thus demonstrating that there is 
still scope for refinement in the methodology and it's reproducibility. 
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Despite an increase in the fusion rate achieved by methods such as those described 
above, a percentage of hybridomas secrete no antibody at all. This is not thought to be 
due to fusion of myelomas with T cells, as there is no evidence for the presence of 
myeloma x T-cell heterokaryons from viable hybrids (KLohler et al 1977; Clark and 
Milstein 1981). Problems may be encountered after the plating of fused cells due to 
overgrowth of hybrid cells by macrophages, fibroblasts and P cells (van Mourik et al 
1984). One approach to help overcome these issues is to enrich for immunoglobulin 
secreting spleen cells by methods such as density centrifugation (van Mourik and 
Zeijlemaker, 1986) before fusing with the myeloma cells. 

By bringing the spleen cells displaying cell surface receptors to the antigen (used to 
immunise the mouse) in close proximity to the myeloma cell, the efficiency of the 
fusion can be increased still further without the need for the density separation step. 
This procedure improves the efficiency of the fusion in two ways. Firstly by reducing 
the relative number of unwanted fusions, that is fusions between myeloma cells and 
spleen derived cells that are not capable of secreting antibodies. Secondly by 
selectively fusing antigen secreting cells that present only cell-surface receptors that 
bind the antigen of interest (Lo et al 1984; Tsong and Tomita, 1993). This has been 
achieved by creating a 'bridge' between these two cells taking advantage of the strong 
interaction between biotin and streptavidin (Yuan et al. 2000). Thus an avidin- antigen 
conjugate is generated which binds the cell-surface antibody receptors on the splenic 
lymphocytes. Biotinylation of the myeloma cell brings it into close proximity with the 
antigen recognising lymphocyte population through a strong interaction with the 
avidin-antigen conjugate. Thus increasing the chances of successfully fusing 
lymphocytes of interest with the immortalising myeloma cell line by PEG fusion 
(Reasons al 1987). 

An alternative method to the use of PEG for catalysing the fusion of bridged spleen 
with myeloma cells is the application of the electrofiision technique (Lo et al 1 984; 
Hewish and Werkmeister 1989; Conrad and Lo 1990; Werkmeister et al 1991). A 
combination of both methods yielding fusion frequencies of as high as 10" , or a 10- 
fold improved (Tomita and Tsong 1990) over the electrofiision method alone (van 
Duijne/a/. 1989). 
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A further approach to increasing the fusion rate through bringing the cells into closer, 
contact utilises Neuramidase to remove sialic acid from the cell membrane (Igarashi 
and Bando 1990). It is thought that the extracellular membranous sialic acid prevents 
close intercellular contact and hence the likelihood of PEG facilitated fusion. Indeed 
such treatment yielded approximately twice as many HAT resistant clones and eight- 
fold more antigen-specific clones over non-treated cells. Combinations of the above 
techniques may improve further the reliability and efficiency of the cell-fusion 
procedure. Other methods shown to increase the fusion efficiency by 10-to 50-fold 
include the adoptive transfer of spleen cells from immunised animals to X-irradiated 
syngenic recipients, followed by antigen boosting and culturing of spleen cells with 
the antigen prior to the fusion (Siraganian et al 1983). 

In addition to the low frequency of fusion that is achievable - even utilising many of 
the modified fusion techniques described above - there are other inherent limitations 
to this approach of immortalising |3-lymphocytes. The fusion methods described 
above do not discriminate between the cell-cycle phase of either of the fusion 
partners. Thus fusions may occur between cells in mitosis or interphase. This can lead 
to a phenomenon known as premature chromosome condensation, or PGC 
(Westerwoudt, 1985) which under some circumstances, can lead to the disruption of 
cell division. 

A further factor that can influence the final success of the fusion is chromosome 
stability (Westerwoudt, 1986). Thus after fusion the new cell contains a . full 
complement of chromosomes from both parent cells. This must be reduced to a 
normal complement of chromosomes for sustained growth. This inevitably requires a 
loss of the equivalent of one complement of chromosomes, which may include 
chromosomes harbouring the antibody expressing genes. It is estimated that 
approximately 50% of hybridomas that initially express antibody after successfully 
fusing, loose their ability to do so due to chromosome loss (Clark and Milstein 1981). 
Additionally hybridomas may not survive in the HAT selection media due to loss of 
the spleen derived HPRT gene, which is located on the X-chromosome (Taggart and 
Samloff 1982). 
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Even if the cell is able to successfully fuse and adopt a hybrid karyotype of 
chromosomes, hybridbma lines often display some degree of karyotipic instability. 
This is often the reason why seemingly stable hybridoma lines suddenly stop secreting 
antibodies. Thus the long-term karyotipc stability of any hybridoma line is an inherent 
characteristic of each hybrid and is a function - at least in part - of the process of 
integration of the two parental genomes (Westenyoudt, 1986). Freeze-thawing of cells 
has been used successfully to determine which lines are unstable, since this process 
results in the loss of antibody production in unstable, lines (Pravtcheya and Ruddle, 
1983). 

Selection of hybridomas 

The selection of hybridomas utilises specific growth features of both the spleen and 
myeloma cells. Firstly, as discussed above, spleen cells are unable to grow in culture, 
thus unfused cells die. Myeloma cells, defective in the -enzyme 
hypoxanthinephosphoribosyltransferase (HPRT) were originally selected by . Kobler 
and Milstein (1975) since they are unable to grow in medium containing 
hypoxanthine, aminopterin and thymidine (HAT medium). Since the aminopterin 
blocks the main pathway for DNA synthesis while the rescue pathway requires HPRT 
to utilise the exogenous hypoxanthine and thymidine. Thus myeloma cells die in HAT 
medium while the spleen cells provide the HPRT gene that enables growth of the 
hybridomas. 

» * 

Although some improvements have been made to the precise experimental details, the 
fundamental method for immortalising p-lymphocytes through fusion with myelomas 
has remained unchanged since the description of the technique by Kohler and Milstein 
in 1975. One aspect of this invention presents a method that increases the efficiency 
of immortalisation to a theoretical 100%, while greatly simplifying the whole 
procedure; eliminating the fusion step through the use of inducible 
oncogene(s)/antisense expression or post-translational activation of oncogenes 
through the use of transgenic technologies. 
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Accordingly, the present invention provides a method for producing immortalised 
antibody-secreting cells, comprising: 

(a) providing a transgenic animal having antibody-secreting cells capable of 
expressing one or more transgenes, wherein the antibody-secreting cells are in a non- 
immortalised state in the absence of a stimulus and are capable of changing to an 
immortalised state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus; 

(b) extracting the antibody-secreting cells from the animal; and 



(c) exposing the antibody-secreting cells to the stimulus, thereby immortaUsing the 
antibody-secreting cells by means of the transgene or transgenes. 

In a further aspect, the present invention provides a method for preparing a clonal 
population of immortahsed cells which produce a monoclonal antibody, comprising: 

(a) providing a transgenic animal having antibody-secreting cells capable of 
expressing one or more transgenes, wherein the antibody-secreting cells are in a non- 
immortalised state in the absence of a stimulus and are capable of changing to an 
immortalised state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus; ' 



(b) extracting the antibody-secreting cells from the animal; 



(c) exposing the antibody-secreting cells to the stimulus, thereby immortalising the 
antibody-secreting cells by means of the transgene or transgenes; 

(d) selecting an immortalised antibody-secreting cell which produces the antibody; 
and 
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(e) preparing the clonal population of immortalised cells from the immortalised 
antibody-secreting cell. 

In a further aspect, the present invention provides a method for producing a 
monoclonal antibody, comprising producing a population of immortalised cells by a 
method as defined above, and producing the monoclonal antibody from the population 
of immortalised cells. 

In a further aspect, the present invention provides a clonal population of immortalised 
antibody-secreting cells obtained by a method as defined above. 

In a further aspect, the present invention provides a monoclonal antibody obtained by 
a method as defined above. 

4 

In a further aspect, the present invention provides an isolated, immortalised antibody- 
secreting cell derived from a transgenic animal, wherein the cell expresses one or 
more transgenes, the cell is capable of being maintained in an immortalised state by 
means of the transgene or transgenes in the presence of a stimulus, and the cell is 
capable of changing to a non-immortalised state in the absence of the stimulus. 

In a further aspect, the present invention provides an isolated clonal population of 
immortalised antibody-secreting cells which produce a monoclonal antibody, 
comprising a population of immortalised antibody-secreting cells as defined above. 

In a further aspect, the present invention provides use of a transgenic animal for 
producing immortalised antibody-secreting cells, wherein the transgenic animal has 
antibody-secreting cells capable of expressing one or more transgenes, and wherein 
the antibody-secreting cells are in a non-immortalised state in the absence of a 
stimulus and are capable of changing to an immortalised state by means of the 
transgene or transgenes upon exposure of the cells to the stimulus. 

In a further aspect, the present invention provides use of a transgenic animal for 
producing an antibody, wherein the transgenic animal has antibody-secreting cells 
capable of expressing one or more transgenes, and the antibody-secreting cells are in a 
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non-i 



^ortalised state in the absence of a stimulus and axe capable of changing to an 
Lnoxtahsed state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus, and the transgenic animal is used to provide immortalised antibody- 
secreting cells capable of producing the antibody. 

By "transgenic animal" it is meant any animal which has been genetically modified. 
Typically the transgenic animal is modified such that it comprises foreign geneuc 
material. Preferably the animal is a germ-line transgenic animal, which comprises 
one or more transgenes permanently and stably incorporated into its genetic material, 
and is therefore capable of transmitting the transgenes to its progeny. Typically the 
foreign genetic material is present in substantially every diploid cell nucleus in such a 
transgenic animal. The transgene may be capable of being expressed in all or only m 
some cells in the animal, provided that it is capable of being expressed in at least 
some antibody-secreting cells. 



4 

However, the transgenic animal need not necessarily be a germ-line transgenic, 
animal In an alternative embodiment, the foreign genetic material may be introduced 
into somatic cells by a route such as transfection, liposome- or viral-mediated transfer 
(e g via adenovirus). In these embodiments the transgene may be capable of bemg 
expressed only in some cells in the animal, provided that it is capable of bemg 
expressed in antibody-secreting cells. In one embodiment, the transgene is introduced 
into the animal by means of a retroviral vector, preferably a retroviral vector winch 
preferentially infects lymphocytes or B cells. In another embodiment, the transgene is 
introduced into antibody-secreting cells or their precursors in vitro, and the antibody- 
secreting cells are then introduced into me animal.. The antibody-secreting cells may 
be derived from the animal to which they are reintroduced, or from a different animal. 
In one embodiment, a transgene is introduced in vitro into (pluripotent) haemopoieuc 
stem cells, lymphoid stem cells or other B cell precursors. The transgenic antibody- 
secreting cell precursors are then introduced into the animal, in one embodiment by 
means of a bone marrow transplant. The animal may optionally be treated to remove 
its own antibody-secreting cells (for instance by irradiation) before implantation of 
the transgenic cells, in order to create a radiationlinduced bone marrow chimera 
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The expression of the transgene may be transient in this embodiment, provided that 
the transgene is introduced into the antibody-secreting cells of the animal before the 
antibody-secreting cells are extracted from the animal (and if the animal is 
immunised, before the animal is immunised), and provided that the antibody-secreting 
cells are capable of expressing the transgene for a sufficient time after extraction that 
a clonal population of immortalised cells can be produced from a single immortalised 
cell. Regardless of which of the above methods is followed, it is important in the 
present invention that the transgene is introduced into an animal in vivo (whether by 
creating a gennline transgenic, by introducing a transgene into cells in vitro and then 
introducing the cells into an animal, or by viral transfer in vzw), thereby creating a 
transgenic anim al, before removal of the cells from the animal. If necessary, the 
transgene may be reintroduced into the cells in vitro in order to maintain them in an 
immortalised state. 

By "transgene", it is typically meant a foreign gene which has been introduced into 
the animal. The foreign gene may comprise a gene which leads to the expression of 
an antisense RNA or ribozyme. In some embodiments, the foreign gene may 
comprise a foreign, regiilateable (inducible) promoter. The transgene may comprise a 
mutant gene under the control of a foreign constitutive or inducible promoter. 
However the term "transgene" is also intended to encompass a native (wild-type) gene 
expressed under the control of a foreign, inducible promoter. In one embodiment, the 
transgenic animal may be a promoter replacement transgenic, wherein the native 
promoter sequence of a suitable oncogene or tumour suppressor gene is replaced by a 
foreign, inducible promoter. 

The stimulus may be any type of stimulus, provided that it is capable of initiating 
immortalisation of the antibody- secreting' cells. An appropriate stimulus is typically 
selected according to the nature of the transgene(s) and according to how the 
transgene may be regulated. According to particular embodiments, the stimulus may 
be a change (increase or decrease) in the temperature to which the cells are exposed, - 
or a chemical stimulus (such as the application or withdrawal of a drug, hormone, or 
other chemical entity). In one embodiment the chemical stimulus regulates the 
expression of a transgene through an inducible promoter sensitive to the chemical 
stimulus. In an alternative embodiment, the temperature change regulates the activity 
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of a protein which promotes . or inhibits immortalisation of the antibody-secreting 
cells. Typically, the stimulus is chosen such that the stimulus is not present under 
normal conditions in the animal, in order that the antibody-secreting cells remain in a 
non-immortalised state in the animal. For instance, where the stimulus is a 
temperature change which regulates the activity of an oncogenic protein, the 
oncogenic protein should be inactive at the normal body temperature of the animal. 
Where the stimulus is a hormone or drug, the hormone or drug should be substantially 
absent or present only at a sufficiently low level in the animal such that the antibody- 
secreting cells remain in a non-immortalised state in the animal. 

The stimulus is preferably applied to the antibody-secreting cells after they have been 
extracted from the animal. However, in an alternative embodiment, the stimulus is 
applied to the antibody-secreting cells while they are still in the animal. In this 
embodiment, the stimulus is preferably applied after immunisation (if the animal is 
immunised). Such a method may result in the initiation of immortalisation of the 
antibody-secreting cells while they remain in the animal. The stimulus is then 
continued to be applied to the antibody-secreting cells after they are removed from the 
animal. In this embodiment, it is preferable to remove the antibody-secreting cells 
from the animal soon after immortaUsation. In order to prevent unnecessary tumour 
growth and suffering in the animal, it may be necessary to sacrifice the animal soon 
after initiating immortaUsation, unless the stimulus is removed before immortalisation 
of the antibody-secreting and other cells in the animal has proceeded too far. 

In one embodiment, a product of a transgene in the antibody-secreting cells inhibits a 
tumour suppressor function in the cells. By "tumour suppressor function" it is meant 
any system or activity in the cells which inhibits immortalisation of the cells. A 
tumour suppressor function typically results from the activity of a tumour suppressor 
gene product, for instance the protein product of the p53 gene. The tumour 
suppressor function may be inhibited in various ways, such as by inhibiting the 
activity of the gene product or by inhibiting transcription or translation of the tumour 

* 

suppressor gene. 



The invention provides methods for the rapid immortalisation, isolation and cloning 
of antigen and epitope specific monoclonal antibody producing p-lymphocytes from 
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relevant tissues or cells of immunised and non-immunised (naive) mice. Mice being 
utilised as the host of choice for the purposes of example only. The breadth of the 
invention is not limited to the utilisation of mice, indeed any animal host in which the 
methods described herein could be applied by those skilled in the art is encompassed 
by the invention. 

Specifically the invention describes the use of a transgenic mouse expressing an 
immortalising oncogene(s) of choice under the control of either a tightly regulated 
promoter or an oncogene whose activity can itself be regulated by altering the cell 
culture temperature. Activation of the oncogene leading to the immortalisation of the 
relevant cells, specifically antibody secreting cells derived from tissues including but 
not limited to; spleen, circulating lymphocytes, lymph node, adenoid, bone marrow, 
tonsils and other tissues of the lymphatic system. The transgenic mouse thus yielding 
the above mentioned immortalised antibody secreting P-lymphocytes. A further 
aspect of the invention describes the enhancement of the ability of the oncogene to . 
immortalise the cell of interest by simultaneous targeting of appropriate tumour 
suppressor gene function This being achieved through either the expression of 
antisense or ribozymes targeting the tumour suppressor mRNA or by the expression 
of proteins which themselves target the tumour suppressor protein leading to 
inactivation or increased rates of tumour suppressor protein degradation. In a further 
embodiment this is achieved through the use of transgenic mice in which a tumour 
suppressor gene has already been ablated. Such a transgenic mouse is then crossed 
with those described herein in which oncogenes can be activated by the intervention 
of the investigator. 

A further aspect of the invention provides methods - including but not limited to 
fluorescence-activated cell sorting or dipole magnetic flow sorting - for the rapid 
selection and isolation of such immortalised antibody-secreting lymphocytes. 
Furthermore methods for isolating antibody secreting cells with multiple epitope 
specificities, all derived from a single animal immunised with one or more antigens 
are described. A further aspect of this embodiment being the use of cells harvested 
from a naive mouse (one which has not been immunised) to identify those with pre- 
determined specificity(ies) for the antigen(s) of interest Additionally the pooling of 
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'naive' cells from several animals and the freezing down of aliquots of these cells for 
antigen recognition selection at a time subsequent to the harvest of those cells is 
presented as a further embodiment. A further aspect of the invention provides for 
methods to produce antibodies in mice with sequence and immunogenic 
characteristics of non-murine antibodies. A preferred embodiment of this being the 
production of humanised antibodies such that after appropriate selection and 
purification, the antibody could be used for therapeutic applications or the gene 
extracted through standard molecular biology methods and then expressed as a whole, 
or in fragments, in a host of choice. 



Detailed description of specific embodiments 

Generation of immortalised lines of p-lymphocytes secreting the antibody of 
interest 

* - } . " 

An alternative strategy to that of hybridoma production via the Kohler and Milstein 
(1975) methodology (see above) is to provide - within the p-lymphocyte harvested 
from the spleen (or other tissue) of the immunised mouse - the necessary genetic 
material to enable immortalisation to be induced through the alteration of specific 
environmental conditions. In this invention the provision of this genetic material is 
achieved through the use of transgenic technology (Ryding et al 2001), thus ensuring 
that all progeny are homozygous for the modified chromosomal DNA. There are other 
methods of transferring genetic material to the chromosomal DNA including 
Upotransfection and viral delivery amongst others. However none of these methods 
can guarantee that 100% of the targeted cells will contain the genetic material of 
interest as can be with germline transmission in transgenic animals. Thus it is 
necessary to define two characteristics of the transgenic animal that are required for 
the purposes of the invention described herein. 

Firstly a gene or combination of genes must be selected that when transcribed and/or 
in someway activated or deactivated, express a gene products(s) or anusense RNA 
molecule that will activate or deactivate specific signalling pathways in the (3- 
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lymphocyte leading to immortalisation of said cell. Secondly it is necessary to express 
or initiate and sustain activation of the required gene(s), gene product(s) or antisense 
RNA in a regulateable manner. It is crucial that expression and/or activation of these 
gene product(s) and antisense RNA can be tightly regulated both when the tissue or 
cells of interest are in situ in the animal and post-harvesting. Thus conferring on the 
cell the ability to grow both normally while in situ in the animal and indefinitely in 
culture - while continuing to secrete the antibody of interest during this time. 

* 

In this invention the most preferred embodiment involves the removal of either tissues 
containing p-lymphocytes (e.g. spleen, tonsil, lymph node, adenoid, appendix, peyer's 
patches, bronchial-associated lymphoid, mucosa-associated lymphoid tissue, bone 
marrow or any combination of the aforementioned cells or tissue types) or the 
harvesting of circulating p-lymphocytes and their subsequent immortalisation by the 
approaches described above. 

Gene products which may be used to immortalise the P-lymphocytes 

Genes which when activated lead to the unnatural immortalisation of a particular cell 
type are often referred to as oncogenes. Their activation is often linked with cancers 
and as such are associated with tumourogenesis. There are many cases where the 
molecular basis of a particular cancer has been linked - at least in part - to the 
inappropriate activation, or in some other way, regulation of an oncogene. Of 
particular note with respect to this invention are oncogenes associated with cancers of 
the immune system. More specifically cancers of P-lymphocytes and the 
identification of the genes involved in their tumourogeneis. The anomalous activation, 
or deactivation of such genes is often the result of abnormal chromosomal 
translocations where the normal transcriptional regulation of the oncogene is 
modified. Such is the case with the oncogene c-myc. 

The translocation of c-myc into the IgH3 or L chain locus results in it's activation 
which is thought to be the molecular basis of Burkitt's lymphomas in Humans (Klein, 
1981; Adams and Cory 1985; Gauwerky et al 1988), plasmacytomas in mice (Stanton 
et al 1983) and immunocytomas in rats (Klein 1988). The Ly-1 murine B cell, which 
is often found associated with neoplastic B cell diseases, is characterised by a 10-45- 
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fold elevation of steady-state myc RNA levels and a 2-10-fold amplification of the c- 
myc locus. The increased c-myc expression is thought to contribute to the cell line's 
ability to grow immortally in vitro and for it's predilection for malignant 
transformation in vivo (Citri et al. 1987). The role of activated c-myc in the molecular 
basis of these lymphomas has been further demonstrated through the application of 
transgenic and yeast artificial chromosome technologies. Thus mice were generated in 
which a copy of the c-myc gene coupled to the core region of the human IgH heavy 
chain locus had been stably integrated into the genome (Palomo et al. 1999). The 
tumourogenic cells displayed a phenotype characteristic of p-cell lymphoblasts. These 
transgenic mice developed tumours of the abdomen, head and chest in addition to the 
spleen. Similarly, transgenic rabbits have been engineered to express c-myc under the 
control of the Ig K -chain enhancer (Sethupathi et al. 1994). Some of the tumours that 
developed from these rabbits were diagnosed as lymphomas of 0-lymphoid lineage 
and could be maintained in vitro. Evidence of the potential interchangeabihty of the 
functions of c-myc and N-myc are demonstrated in transgenic mice, where c-myc has 
been replaced with N-myc (Malynn et al 2000). In these mice the growth and 
differentiation function of c-myc (when silenced) can be rescued by expression of N- 
myc. Transgenic mice expressing N-myc under the control of the immunoglobulin 
heavy chain enhancer (Ep) yield clonal 0 lymphoid tumours (Rosenbaum et al. 1989). 
Clonality suggesting that further genetic abnormalities may be required before 
immortahsation can occur. One genetic candidate is the p53 gene. Thus after 
reimplanation into C57BL6 mice, bone marrow cells derived from p53-null -/- mice 
(Jacks et al. 1994) infected with a myc expressing virus yield B lymphomas which are 
genetically polyclonal as determined by PCR analyses of the Ig gene DJ region (Yu 
and Thomas-Tikhonenko 2002). Indicating that only two genetic events are required 
to immortalise this cell type; in this specific case ablation of p53 activity and 
activation of myc. 

The wider ability of the product of the myc gene to immortalise other cells, in this 
case dorsal root ganglion (DRG) cells by v-myc, has been demonstrated by Raymon et 
al. (1999). In these experiments a primary culture of human embryonic dorsal root 
ganglion cells has been immortalised by infection with a retroviral vector expressing 
v-myc under the control of the tetracycline-sensitive transactivator. Clonal lines could 
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be isolated by limiting dilution and then maintained in culture as immortalised cell 
lines. The ability of these immortalised lines to redifferentiate into capsaicin sensitive 
DRGs after addition of tetracycline to the medium (addition of tetracycline inactivates 
v-myc transcription) was maintained for at least 65-doublings of the clonal line. That 
c-myc expression does not lead - at least in part - to loss of the pre-tumourogenic 
phenotype is exemplified by the fact that p-cell derived tumours induced by activation 
of c-myc maintain surface IgM expression (Kovalchuk et al. 2000). 

Germline transgenic expression of v-abl under the control of the immunoglobulin 
heavy chain enhancer yielded three transgenic lines with a predisposition to develop 
clonal plasmacytomas secreting either IgA or IgG (Rosenbaum et al. 1990). Most of 
these plasmacytomas bore a rearranged c-myc gene, apparently as a result of 
spontaneous translocation to the IgH locus. Progeny of a cross with an analogous E^- 
myc mouse yielded mice which rapidly developed oligoclonal plasmacytomas, but not 
pre-p lymphomas. This is most likely due to the fact that the heavy chain enhancer is 
not active in pre-B cells. Transformation of B cells with abl may also be facilitated 
through concomitant heterozygosity (■+-/-) at the Ink4a/Arf tumour suppressor locus 
(Mostecki et al. 2000). 

The combined expression of v-abl with N-myc (Sugiyama 1994) or c-myc (Spieker- 
Polet et al. 1995) is a powerful approach to generating plasmacytoma lines. Indeed 
Spieker-Polet et al. (1995) have selected a HAT sensitive plasmacytoma line from 
transgenic rabbits expressing v-abl and N-myc under the control of the E» enhancer 
(Rosenbaum et al. 1990) and the K-chain enhancer (E K ; Sethupathi et al. 1994) 
respectively. The rationale behind generating this line was to provide a fusion partner 
in order to generate monoclonal antibodies through fusion with spleen cells derived 
from non-transgenic immunised rabbits. 

Cell lines immortalised with the SV40 large T antigen have been generated using 
several approaches. The SV40 virus has been used to infect both spleen and bone, 
marrow cells harvested from a rabbit hyperunmunized through intravenous injection 
with a pneumococcal vaccine (Collins et al. 1974). A cell line (TRSC-1) was isolated 
from a small focus of cells observed growing on the surface of one infected spleen- 
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cell culture. The TRSC-1 cells expressed the SV40 large-T antigen and appeared to 
secrete a monoclonal antibody (as determined by isoelectric focusing) and this 
antibody specifically recognised a component of the pneumococcal vaccine 
(Strosberg et al 1974). One of the mechanisms by which the Large T antigen may 
lead to cellular immortalisation is it's binding to and inactivation of the tumour 
suppressor protein p53 (Pipas and Levine 2001). 

More specifically the gene for the Large T antigen may be transfected into a cell to 
generate an immortalised line (Katakura et al 1998). A further extension of this 
approach has been to express the SV40 large T antigen under the control of a tissue 
specific promoter. Windle et al (1990) describes the generation of anterior pituitary 
tumours in mice by expressing the large T antigen under the control of the human 
glycoprotein hormone alpha-subunit gene promo ter/enhancer. 

An SV40 mutant, which carries a gene expressing a heat-labile Large T antigen 
(ts A5 8), has been used to generate cell lines generated from rat embryo fibroblasts 
(Jat and Sharp, 1989), a human fibroblast cell line (Radna et al 1989) and a rodent 
hepatocyte cell line through infection of mouse hepatocytes with the mutant virus 
(Lee et al 1995). These cells can be grown as immortal lines at the permissive 
temperature of 33-35°C, but at 37-39°C are unable to proliferate, due to the loss of 
function of the heat labile large T antigen. 

The utility of this heat labile large T antigen has been taken one stage further through 
the generation of a transgenic mouse called 'Immortomouse' (Jat etal 1991; Noble et 
al 1995; Jat et al (1997) US patent 5,688,692; Jat et al (1999) US patent 5,866,759). 
In the Immortomouse, the large T antigen tsA58 gene is expressed widely under the 
control of the constitutive mouse major histocompatibility complex H-2K 6 class I 
promoter (Weiss et al 19&3). This promoter can be further activated in the presence 
of interferon-gamma. The objective of generating such a transgenic animal was to 
provide a source of immortalised cells form potentially any tissue that could be 
harvested from the animal. Although not all source tissues have been tested there are 
many examples in the literature where this procedure has been successful (Noble et al 
1995). Cells which have been successfully immortalised using this system include; 
fibroblasts and cytokeratin + thymic epithelial cells (Jat et al 1991) kidney collecting 
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tubules (Takacs-Jarrett et al. 1998), hair cochlear (Jagger et al. 1999; Jagger et al. 
2000), CA1 hippocampal (Virley et al. 1999), brain capillary endothelial (Kanda et al. 
2000), bone marrow derived mesenchymal cells (Dennis and Caplan, 1996), 
hepatocytes (Lee et al. 1995; Allen et al. 2000), bone marrow (ghambers et al. 1993; 
Matsumoto et al. 1995; Liu et al. 1998) intestinal epithelial (Tavelin et al. 1999; 
Whitehead et al. 1993) skin fibroblasts, panceratic, astrocytes, neuronal cortical, 
endothelial, colonic epithelial and myoblast cells (Jat et al. (1997 )US patent 
5,688,692). 

■ - . 

Although the above technology has been in the literature for ten years, the prior art 
does not teach or suggest the derivation of immortalised p-lymphocytes from an 

■ 

'Immortomouse' for the purpose of directly deriving monoclonal antibody producing 
clonal cell lines as envisaged in one embodiment of this invention. 

Some cell lines - such as adult human mammary fibroblasts and epithelial cells - 
cannot be immortalised with the SV40 large T antigen alone. In these cases co- 
transformation with telqmerase enables growth of the immortalised cell line (O-Hare 
et al 2001). Immortalisation of human plasma cell lines secreting IgGs has been 
described by Kanki and Takeuchi (1995). This was achieved by transfecting cells with 
a plasmid expressing the SV40 large T antigen prior to conventional fusion with 
partner cells, preferably of human origin. 

Immortalisation of p-lymphocytes can also be achieved by infection with Epstein- , 
Bair virus (EBV). The EBV appears, to exploit the normal program of cell cycle 
activation upon infection (Hollyoake et al 1995). Specifically Cannell et al (1996) 
have determined that the cell cycle protein pRb (retinoblastoma) is 
hyperphosphorylated upon EBV immortalisation of p-lymphocytes. More specifically 
nuclear antigen 2 (EBNA2) of EBV has been used to induce tumours in transgenic 
mice expressing EBNA2 under the control of the S V40 early enhancer/promoter and 
the EBNA2 promoter (Tornell et al 1996). The use of the specific immortalising 
factor, be it EBNA2 or a combination of EBV derived proteins could be used to 
immortalise p-lymphocytes. 
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A systematic evaluation of which combinations of p53, v-abl, bcl2 and ras oncogenes 
and tumour suppressors could act co-operatively to immortahse p-lymphocytes cells 
was performed by Kumar et al. (1999). They found that v-abl/bcl2 was the only 
combination that successfully immortalised splenic p cells. . Overell et al. (1989) 
describes the use of a retrovirus expressing v-Ha-ras and v-mycMC29 to immortahse 
p-lymphocytes. In this case they found that primary pre-P cells were preferentially 
immortalised over mature p cells. Further oncogenes or tumour suppressor gene 
deactivators, which are involved in the progression and maintenance of some p-cell 
tumours and thus may be considered for use as immortalising genes in this invention, 
include; v-rel (Zhang 1995), bcl-2 (Adams et al. 1999) a bcr-v-abl chimera (Harihairan 
et al 1989; Harris et al 1990), SV40 large T, papillomaviruses E6 and E7, 
adenovirus El A human T-cell leukaemia virus, herpesvirus saimiri, p53 (Katakura et 
al. 1998), PIM1, RhoH/TTF (ARHH), PAX5 (Pasqualucci et al. 2001), mdm2 (Haupt 
et al. 1997; Kubbutat et al. 1997; Xirodimas et al. 2001). This list is given to indicate 
the preferred embodiments of the present invention; further oncogenes/tumour 
suppressor deactivators could be selected by those skilled in the art. The nature of the 
transgene is not particularly limited, provided that the method involves the application 
of regulated oncogene/tumour suppressor deactivator expression to yield immortalised 
P lymphocytes and subsequently the production of cell lines secreting the desired 

t 

monoclonal antibodies. 

Activation of pathways which may lead to immortalisation of the cell 

A further method of P-lymphocyte immortalisation is to trigger appropriate signalling 
pathways, which upon activation result in immortalisation of said cell. In one example 
of this the phenomenon of synergy between an anti-CD40 mAb and Epstein-Barr 
virus (EBV) in the activation and transformation of human p-lymphocytes could be. 
utilised (Tsuchiyama et al 1997; Niedbala and Stott 1998; Rush and Hodgkin 2001). 
Exposure to anti-CD40 antibodies sensitises the p-lymphocytes and can improve 
prospects" of immortalising the cell with EBV. Thus simultaneous ligation of the 
CD40 and CD21 complex (receptor for EBV) enhances both the short-term 
proliferation and the long-term transformation rates of human p-lymphocytes. 
Alternatively, elucidation of the intracellular-basis of the molecular mechanism 



: WO 03/089630 PCT/GB03/01650 

21 

underlying this synergy could provide a strategy for immortalising transgene 
expression. 

Deactivation of pathways which may lead to immortalisation of the cell 

In addition to oncogenes, whose upregulation may lead to tumourogenesis and cell 
immortalisation, there are also tumour suppressor proteins whose activity - in . the 
main - have the opposite phenotypic effect to the oncogenes thus suppressing 
tumourogenic growth of cells. The balance of the activity of these two classes of 
proteins being key to the maintenance of desired cell growth characteristics. Thus it 
follows that deactivation of such suppressor proteins may lead either to 
immortalisation of a given cell, or increase the .likelihood of achieving 
immortalisation through the simultaneous over expression/activation of oncogenes. 
Indeed this is the case (Mostecki et al 2000; Yu and Thomas-Tikhonenko 2002), - 
Deactivation may be achieved, principally, by one of two, routes. Firstly by the 
expression of proteins which themselves deactivate or mediate the deactivation of the 
tumour suppressor or by the appropriate transcription or application of .antisense 
mRNA/ribozymes or oligonucleotides targeting the sequence encoding .the tumour 
suppressor gene. 

The expression of the SV40 large T antigen may lead to the immortalisation of cell 
lines, including antibody-secreting cells derived from spleen (Collins etal 1974; 
Strosberg et al. 1974). One of the mechanisms by which the Large T antigen may lead 
to cellular immortalisation is its binding to* and inactivation of, the tumour suppressor 
protein p53 (Pipas and Levine 2001). A further protein whose expression can lead to 
the inactivation of p53 is murine double minute-2 (mdm2). The mdm2 oncoprotein 
binds the transcriptional activation domain of p53 and prevents it from regulating 
target promoters in order, to effect it's antiproliferative role (Symonds et al. 1993; 
Haupt et al. 1997). A further function of mdm2 is to target p53 ubiquitination leading 
to degradation in the proteasome (Kubbutat et al 1997; Maki and Howley 1997;. 
Fuchs et al. 1998; Xfrodunas et al, 2001). The short half-life (30-60 minutes) of p53 
(Maki and Howley et al. 1997) makes it an ideal candidate to target when rapid and 
synchronised immortahsation is desired. 
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Using a retroviral library expressing random p53 antisense sequences, specific 
sequences were identified which were highly effective at inhibiting translation of p53 
mRNA in mouse embryo fibroblasts (Camero et al. 2000). The reduction in p53 
leading to an increased ability of these fibroblasts to survive in culture through 
passages at which the WT cells would normally undergo cellular senescence, Several 
other studies have utilised and validated the use of antisense to p53 in the study of it's 
role in cellular proliferation (Ferreira and Kosik 1996; Matsushita et al. 2000; Arora 
and Iversen 2000; Zhu et al. 2002; Shih et al. 2002), indicating that such an approach 
is well validated for the reduction of P 53 activity in cell-based assays. 



i * - 



That P 53 activity is not critical to whole animal viability has been demonstrated by 
the creation of a viable p53 knockout mouse (Jacks et al 1994). Although viable, as 
expected this mouse is highly susceptible to malignancy. Yu and Thomas-Tikhonenko , 
(2002) have taken bone marrow cells from this p53 ^/- transgenic and infected them 
with a myc expressing virus. The cells were then injected subcutaneously into 
C57BL6 mice. All mice injected with P 53 -/- derived myc infected cells developed 
tumours, while controls, which had not been myc infected, showed no sign of 
tumourogenic growth. Histopathological staining of the excised tumours indicated 
that all were p-lymphocyte lymphomas. Furthermore genetic analysis by PCR of the 
DJ junctions of the Ig gene showed multiple fragments, indicating that the tumours 
were polyclonal in nature. This result suggesting that loss of p53 activity and gain of 
myc activity are all that is required to induce tumourogenic and hence immortalised 
growth, specifically in p lymphocytes, whereas clonality, which can be seen when 
myc alone is overeXpressed in B cells (Langdon et al. 1986; Pelicci et al. 1986), 
would have suggested that further genetic modifications were required to induce a 
tumourogenic phenotype. Thus for the purpose of the invention described herein, 
ablation of p53 activity through the use of knockout mice, antisense p53 or mdm2 
expression, combined with the expression of specific oncogenes under the control of 
inducible promoters in a transgenic animal, may, if used in the context of the detailed 
description herein yield iminortaUsed cells secreting antibody of the desired 
specificity. 



■1 . 1 
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The targeting of the p53 tumour suppressor is given by way of example only, 
although p53 is used in a particularly preferred embodiment of the present invention. 
However it would be obvious to those skilled in the art that targeting of alternative 
tumour suppressor proteins/genes or regulators of tumour suppressor proteins/genes 
may also yield the desired cellular phenotype required for the purposes of the 
invention described herein. By way of example a further tumour suppressor gene that 
could be targeted is pld*** (Sharpless et al. 2001; Mostecki et al. 2000). 



Methods to regulate expression of P-lymphocyte immortalising genes, proteins or 
antisense RNA 

Several genes or genes to be targeted using antisense RNA have been outlined above 
whose products - either upon expression, activation or deactivation - may lead to the 
immortalisation of the cell in which they are expressed. In the case of this invention 
the cell type of specific interest for immortalisation being antibody secreting P- 
lymphocytes. In the case of gene products whose activation may lead to cell 
ijnmortaHsation, there are two alternative methods of activating these immortalising 
factors. These may be classified as follows. Firstly activation through control at the 
level of gene transcription and secondly control of gene product activation. Control at 
the gene transcription level can also be used to regulate the transcription of antisense 
RNA/ribozymes in addition to the expression of immortalising proteins. 

In essence, so long as. cell immortalisation can be activated in p-lymphocytes post- 
harvest from the mouse and conversely be switched off pre-harvest, then the choice 
between these two control mechanisms is not a critical one. The key requirement to 
the approach chosen being that the maintenance of a wild-type cell proliferation 
control system in the mouse is achieved up to the point of p-lymphocyte harvest and 
the requirement for immortalisation. After which it should then be possible to 
immortalise the cells such that the pool from which p-lymphocytes can be selected 
and grown is fully representative of the cell diversity present in the tissue/cell-type of 
origin prior to sacrifice of the animal. Furthermore, that upon immortalisation these 
cells continue to secrete the antibody of interest, and preferably also present cell- 
surface receptors to the same antigen. 
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Control of cell immortalisation at the transcriptional level 

The desired features of a system in which activation of cell immortalisation is 
dependent on control at the transcriptional/translational levels are as follows. The 
method of activation must be tightly regulated (no 'leakage'), such that cell 
proliferation mechanisms are functioning normally until immortalisation is desired. 
That activation of cell immortahsation is sufficiently rapid to ensure the cells of 
interest all enter the immortalised state within a short space of time and preferably 
simultaneously. That the activating factor, or for that matter the immortahsation factor 
itself, does not in any way interfere with the continued secretion of a single clone of 
antibody from the p-lymphocytes. Furthermore that the activator, or method of. 
activation does not in any other way compromise cellular physiological processes 
whose targeting is not required for cell immortahsation. That the immortalisation can 
be either constitutively activated by the addition of the activator, or that the source of 
activator is available in sufficient quantities to support immortalised growth of all the 
clonal lines selected (Pollock and Rivera 1999; Wang et al. 1999). 

In order to fulfil many of the requirements listed above it may be preferable to use a 
promoter system not usually found in the particular tissue/cell type of interest, in this 
case p-lymphocytes. More preferably the promoter system may be one that is not 
found in the host species at all. 

A number of inducible promoter systems have been characterised which would fulfil 
the criteria outlined above. Several systems and techniques for conditionally 
expressing gene products in animals are discussed by Ryding et al. (2001). By way of 
examples only the control mechanism and characteristics of the following promoter 
systems will be described; tetracycline, GAL4, the ecdysone and the FK506-binding 
protein inducible expression systems. Although it is recognised that other similar 
systems are currently available and may become available and developed by those 
skilled in the art. It is not the specific promoter system employed that is crucial to the 
invention but the use of such systems to generate irnmortalised pjymphocyte 
lineage's from transgenic animals coupled with the requirement for tight, 'non-leaky' 
regulation of the promoter which is critical. Although it should be noted that absolute 
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control of over promoter 'leakiness' is not necessarily crucial, although highly 
preferable. 

In the tetracycline regulated expression system (Brent et al. (1989) US patent 
4,833,080) two tetracycline operator sequences (tet-O) have been inserted between the 
TATA box of the strong CMV (Cytomegalovirus) eukaryotic promoter and the 
transcriptional start site. These sequences have no direct effect on die CMV promoter. 
However . CMV driven transcription - and hence expression - is blocked when the 
tetracycline repressor protein binds to these tet-O sites. However if tetracycline is 
added to the cell culture medium it can penetrate the cell and bind to the repressor 
protein, changing its conformation such that it is released from the tet-O sites. Hence 
expression is turned on. If the immortalising oncogene were under the control of such 
a CMV/tet promoter a further transgene expressing the tetracycline repressor protein 
would have to be co-expressed constitntively in all cells, or at least in those cells in 
which subsequent immortalisation was desired. The promoter used could also be the 
CMV promoter, but in this case it would not be under tet control. 

Conceivably other promoters could be used to express the tet repressor protein as an 
alternative to CMV. Furthermore to those skilled in the art it is conceivable that other 
mammalian promoters (either regulateable or constitutively active) could be 
combined with the tet-O sites to produce alternative inducible expression systems. 
The tet promoter system has been used successfully to control liver-specific 
expression of the SV40 large T antigen (Manickan et al. 2001). Expression of the 
large T antigen resulted in the development of hepatocellular adenomas and 
hyperplasia 

A further inducible expression system that can present tighter regulation than the 
tetracycline method described above is the Gal4 GeneSwitch. In this procedure the 
oncogene would be under the transcriptional control of a hybrid GAL4 UAS/Elb 
promoter, consisting of a 10-base pair TATA box sequence from the Adenovirus Elb 
gene and six binding sites for the yeast GAL4 protein. This promoter is 
transcriptionally silent in the absence of the GeneSwitch transactivator. The 
transactivator consists of three functional domains: a GAL4 DNA binding domain (to 
bind the GAL4 UAS/Elb promoter), human progesterone receptor ligand binding 
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domain (hPR-LBD, binds the inducing agent mifepristone) and an NFkB p65 
activation domain (to activate transcription off the GAL4UAS/Elb minimal 
promoter). In the absence of mifepristone, the hPR-LBD has a conformation which 
prevents the GeneSwitch protein from activating transcription. Upon binding 
mifepristone, hPR-LBD assumes a conformation that enables it to bind the promoter 
and stimulate transcription. The expression of the GeneSwitch protein itself is under 
the control of a minimally active TK promoter with four upstream GAL4 binding 
sites. Binding of the mifepristone activated GeneSwitch protein to this promoter 
results in further expression of the GeneSwitch itself, ultimately resulting in positive 
feedback enhancement of oncogene expression. 

A further 'gene switch' mechanism again exploits the modular nature of eukaryotic 
transcription factors - that they can be divided into separable DNA-binding and 
transcriptional activation domains. These domains are able to reconstitute a sequence- 
specific transcriptional activator even when brought together through a noncovalent 
interaction (Spencer 1996). thus fusion of each of these transcription factor domains 
(DNA-binding and transcriptional activating) to a heterologous ligand-binding 
domain enables reconstitution of an active transcription factor in response to the 
addition of cell-permeant dimeric ligands (Rivera et al 1996; Pollock and Rivera 
1999). 

A derivative of the natural product FK506 binds with high-affinity to the FK506- 
binding protein (FKBP)-12 (Schreiber 1991), while the molecule FK1012 - which 
consists of two covalently joined FK506 molecules - is able to dimerize two FKBP 
domains. This molecule (FK1012) has been used successfully to activate gene r 
transcription in a dose-dependent manner in cells expressing the appropriate reporter 
gene in addition to DNA-binding domain-FKBP and activation domain-FKBP fusion 
proteins (Ho et al 1996). A modified form of FK1012 has been developed (AP1510) 
which is comprised of linked monomers of only the FKBP-binding interface of 
FK506 (Amara et al 1997). However one drawback of AP1510 has been that it 
interacts with wild-type FKB protein. 
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A number of refinements to die FKBP transcription-activation system have been 
made to generate a gehe-switch which - in the main - meets the criteria required as 
outlined above (Pollock and Rivera 1999). Alternative transcription factor domains 
used (ZFHD1) have a sequence-specificity distinct from that of known mammalian 
transcription factors (Pomerantz et al 1995), thus avoiding inappropriate regulation of 
target expression by endogenous DNA-binding proteins. The FKBP protein and 
API 5 10 have been modified such that the new ligand series (API 889) may only bind 
a modified FKBP (FKBPpasv) protein and not the unmodified FKBP (Clackson et al 
1998). Location of the ZFHD1 binding sites upstream of a minimal promoter such as 
those derived from the human interleukin-2 (EL-2), cytomegalovirus (CMV) and 
SV40 early gene generates promoters which may be regulated using the above 
described system. Stronger promoters such as the CMV and SV40 promoters display 
significant basal activity in the absence of the activator, while the IL-2 promoter gave 
rise to very low levels of basal expression with high levels of dimerizer-induced 
expression (Pollock and Rivera 1999). 



A further gene-switch with modular DNA binding and activation domains utilises a 
C-terminally truncated • human progesterone receptor lacking progesterone binding 
activity, but with the ability to bind the progesterone antagonist antiprogestin (RU486; 
Wang et al 1999). A fusion protein consisting of (from the N-tenninus) a domain 
from the herpes simplex viral protein VP 16, a GAL4 DNA-binding domain (as 
described above) followed by the truncated RU486 responsive receptor forms the 
hybrid transcription regulator. Expression of this fusion protein in HepG2 cells was 
driven by the constitutive transthyretin enhancer/promoter.; Four copies of the GAL4 
binding domain upstream of a minimal E1B promoter driving expression of human 
growth hormone was also present on the same stably integrated plasmid, thus yielding 
a fully inducible expression system for human growth hormone (Wang et al 1997b). 
Induction levels of 120-fold were achieved with lOnM of RU486 with concomitantly 
very low basal levels of expression in the absence of the RU486 inducer. The 
successful application of this inducible expression system in transgenic mice has also 
been demonstrated. Thus Wang et al. (1997a) have measured a 1,500-fold induction 
of hGH expression in serum after administration of 250ug/kg of RU486. . 
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The ecdysone inducible expression system has two major advantages oyer the 
previous expression systems described (Saez et ah 2000). Firstly the promoter is very 
tightly regulated; thus there is very little 'leakage' or promoter activity in the absence 
of the activator. Secondly the system is based on a Drosophila promoter and" 
transcription factor pairing, as a consequence the system is 'closed' and there is no 
interaction with wild type promoter functions in eukaryotic cells. In transient 
expression experiments with CV-1 cells No et ah (1996) have reported up to a 1000- 
fold increase in reporter activity of a gene linked to a modified ecdysone-inducible 
promoter, compared to a 59-fold increase for a tetracycline inducible promoter. In 
addition, the basal activity of the ecdysone-inducible promoter was 20-fold lower than « 
the tetracycline inducible promoter. In expression experiments utilising a HEK-293 
stable cell line, activation of the hormone receptor by luM of the inducer muristerone 
resulted in an expression induction of 100-fold after 3hours, 1,000- fold after 8hours 
and 20,000-fold after 20hours. Coupled with a very low basal activity in the absence 
of the inducer, this system and others with similar performance profiles, provide ideal 
methods of activating oncogene expression in antibody secreting cells, for the 
purposes described in this invention. 

• * ■ ■ » 

Furthermore No et ah (1996) have demonstrated the utility of this system in 
transgenic mice through the use of ESHp, a thymus-specific promoter driving the 
expression of the hormone receptor domains. They demonstrated induction of 
promoter activity through the treatment of the mice with lOmg of muristerone. This 
resulted in a significant induction from the ecdysone-inducible promoter while low 
basal activity was observed both in the absence of the muristerone and in tissues 
where the ESHJ3 promoter is not active. Invitrogen Corporation provides this system 
in kit form (Catalogue numbers of various kit components Kl 00 1-01, Kl 00 1-02, 
K1001-03, K1002-01, K1002-02, K1002-03, K1003-01, K1003-Q2, K10O3-03, 
K1004-01, Kl 005-01) and make available an alternative activator to Muristerone, 
Pohasterone A (Saez et ah 2000). This system utilises a heterodimer of the ecdysone 
receptor (VgEcR) and a mammalian retinoid receptor (RXR) that binds the ecdysone 
response element (E/GRE) in the presence of Ponasterone A> thus activating 
expression of the gene of interest. It is the use of this system to regulate oncogene 
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expression and hence cell immortaHsation in p lymphocytes which is presented herein 
for the purposes of example only. 

This system has been used successfully to study the effect of the expression of a 
constitutively active form of MKK7 on HEK-29 cells (Wolter et al. 2001). Most 
importantly RT-PCR, immunoprecipitation, confocal microscopy and FACS analysis 
revealed ho significant basal expression of the GFP-MKK7 3E fusion protein in the 
absence of the activator (inducer). In a further example where Ponasterone A 
inducible expression of p-galaetosidase activity was targeted to the mammary gland 
of a transgenic mouse, basal (no Ponasterone A administered) activity (as determined 
with fast red staining) was undetectable on histochemical slices taken from mammary 
tissue. While p-galactosidase activity was detected in similar tissue after 
administration of the activator to the animal (Albanese et ah 2000). 

In a third example the ecdysone gene switch has been used to regulate the expression 
of a dominant negative c-jun mutant/GFP fusion protein GFP-TAM67 transfected into 
the HT1080 human fibrosarcome cell line (Hennigan and Stambrook 2001). In this 
study very low basal expression of the GFP-TAM67 was detected in the absence of 
the activator Ponasterone A. 

RheoGene Inc. has licensed patents relating to the use of the ecdysone gene-switch 
technology as described in US patents 6,258,603 (Carlson et al. 2001), 6,245,531 
(Hogness et. al 2001) and 5,514,578 (Hogness et al.. 1996). Although the general 
utility of these patents is described, the precise application as outlined in this 
invention has not been realised. Refinements of the ecdysone gene switch technology 
being developed by Rheogene (Karns et al. 2001) may provide improved expression 
systems, which may be applied to the invention described herein. Such improvements 
include; more potent expression induction ligands, even lower basal expression levels 
in the absence of the activator and the development of multiplex switching in which 
specifically engineered ecdysone promoters, receptors and RXR proteins may be 
activated with specific switch activators, called RheoChem/RheoReceptor pairs. Such 
a multiplexing option would enable the precise regulation of the expression levels of 
multiple oncogenes described in this invention for immortalising p cells. A further 
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improvement to the switch system that enables higher levels of induction involves the 
co-admiuistration of an RXR ligand, such as LG268, in addition to the EcR ligand 
Ponasterone A (Saez et al 2000). The two ligands act synergisticaUy resulting in a 
four-fold increase in the induction levels seen with Ponasterone A alone. 

The inducible-promoter systems described above are intended as examples only. An 
investigator skilled in the art may identify, develop or devise similar inducible 
expression systems to selectively express the oncogene when required. Thus the 
invention is not limited to the use of one or more of the systems described above. 
Rather it is the immortalisation of every p-lymphocyte/antibody secreting lineage by 
either one of the above or some other method for the production of monoclonal 
antibodies that is the inventive step rather than the utilisation of any particular 
inducible expression system to express any particular oncogene or combination of 
oncogenes per se. 



Control of cell immortalisation at the protein activation level 

As an alternative to controlling transcription of the gene product it may be expressed 
constitutively, but in a conditionally inactive form. An example of such a gene 
product that could be activated by the manipulation of external conditions is the 
temperature-sensitive Large T antigen (tsA58 described above). In the transgenic 
mouse, 'Immortomouse' (Jat et al. 1991; Noble et al. 1 995; Jat et al. (1 997) US patent 
5,688,692; Jat et al. (1999) US patent 5,866,759) the large T antigen tsA58 gene is 
expressed widely under the control of the constitutive mouse major histocompatabuity 
complex H-2I? class I promoter (Weiss et al. 1983). This promoter can be further 
activated in the presence of interferon-gamma. Although not all source tissues have 
been tested there are many examples in the literature where this procedure has been 
successful in generating immortalised cell lines (Noble et al. 1995). See above for 
discussion of the utility of the 'Immortomouse' for providing immortalised cell lines. 

Several other methods of (conditionally) immortalising the cell may be developed by 
those skilled in the art. The present invention is not limited to particular methods of 
immortalisation, provided that the method involves the application of such 
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immortalisation approaches to the rapid isolation of specific antibody secreting p-cells 
and hence antibodies through the immortalisation of said p-cells. 



Screening for immortalised P-lymphocyte cells secreting antibody(ies) of the 
required specificity(ies) 

Whichever method for immortaHsation is selected they are all intended to yield a 
population of cells which are capable of clonal growth. The number of clones limited 
only by the number of cells harvested, likely to be the total number of spleen cells or 
cells harvested from other lymphoid tissue such as lymph nodes. This cell population 
will consist of both non-secreting (T-cells, macrophages etc) and antibody secreting 
cells. Of the antibody secreting cells only a proportion will be secreting - and in some 
cases also displaying on the cell-surface - antibodies recognising the antigen used to ' 
immunise the mouse. Thus a rapid screening method is required to select for the latter 
cell-type, whether or not the cell secreting an antibody of interest is also displaying 
cell- surface receptors which bind that antigen. This can be achieved utilising the 
technology of fluorescence activated cell sorting (FACS). 

Hybridomas secreting a monoclonal antibody of interest and also displaying cell- 
surface immunoglobulins recognising this antigen have been selectively isolated using 
the FACS technique. This has been achieved by fluorescendy labelling the antigen, 
mixing this with the hybridomas and sorting for cells which bind the antigen as 
determined by their altered fluorescent properties (Parks et al. 1979; Dangl and 
Herzenberg 1982; Jantscheff et al. 1993; Martel et al. 1988). A method has also been 
developed in which a FACS is used to sort hybridomas which secrete a monoclonal 
antibody but do not express celi-surface immunoglobulins specific for the antigen 
(Gray et al. 1995). Single hybridomas are captured within a microdroplet of 
biotinylated agarose. The addition of biotinylated and fiuorescently labelled antigen 
and avidin to this droplet mixture resulting in the fluorescent labelling of 
microdroplets harbouring a single hybridoma, secreting antibody specific for the 
antigen. Specific droplet - hence hybridoma - labelling being achieved through the 
capture of the secreted antibody in the microdroplet via an antibody-antigen-avidin- 
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biotinylated agarose bridge. In a further development of this technique, two-colour 
detection modes on the FACS have been utilised to select for cells secreting 
antibodies to unique epitopes (KLenney et al. 1995). 

In this invention immortalised cells harvested from tissues of the lymphoid system 
including the lymph nodes or spleen, but not excluding other sources are sorted using 
a FACS or an instrument with similar cell-sorting capabilities by methods similar to 
those described above. However lymphocytes immortalised by methods described in 
this invention are selected rather than hybridomas generated via the conventional 
method of Kohler and MUstein (1975) as applied above. A wide selection of 

» 

fluorescent markers are available to enable differential labelling of antigens and 
epitopes and hence detection and isolation of specific Ig secreting p-cells. Judicious 
selection of the appropriate labels for use in combination will depend on a number of 
factors including instrument excitation and emission wavelengths, dichroic mirror 
settings and other instrument parameters, including the ability to discriminate between 
the labels. The precise label used is not central to the invention but by way of example 
the following is a non-exhaustive list of fluorescent labels which may be utilised; 
hydroxy coumarin, aminocoumarin, methoxycoumarin, cascade blue, lucifer yellow, 
R-phycoerythin, Cy5, Cy7, Red 613, fluorescein, BODIPY-FL, Cy3, TRITC, X- 
rhodamine, Lissamine Rhodamine B, PerCP, Texas Red, allophycocyanin, TruRed, 
phycobiliproteins, green fluorescent protein (GFP) and the following GFP derivatives; 
Y66F, Y66H, EBFP, GFPuv, ECFP, Y66W, S65A, S65C, S65L, S65T, EGFP and 
EYFP. All of which may be conjugated to the antibody of choice via a variety of 
methods including but not exclusively; coupling via amine, sulphydryl or carboxyl 
groups utilising either homobifunctional or heterobifunctional linkers. 

In a further embodiment of the invention, the initial harvest of 8-lymphocytes from 
the immunised mouse could be subdivided, thus enabling the repeated use of a small 
subset of these lymphocytes for sorting. The subdivisions enabling the repeated use of 
the same fluofophores to sort for 3-lymphocytes with different antigen specificity's. 
This would be achieved by labelling different antigens with the same fluorophore but 
selecting for cells specific for these antigens in separate runs on the FACS, using 
separate aliquots of P-lymphocytes harvested from the same mouse. 
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la a further embodiment of the invention p-lymphocytes could be harvested from a 
naive (non-immunised) mouse (from which immortalised P lymphocytes may be 
derived by one of the approaches described above) and used directly to select for 
those presenting surface and/or secreted Igs that bind the antigen/epitope of interest 

In the simplest embodiment of the invention the mouse is immunised with a single 
antigen and cells expressing surface immunoglobulins or secreting immunoglobulins 
specific for that antigen are selected and immortalised. However it would be obvious 
to those skilled in the art that variations to this protocol could be utilised to generate 
further reagents. The following modifications are given by way of example only: 
immunising a mouse with multiple antigens and selecting cells with specificity's to 
each antigen, immunising with a single antigen and selecting for cells with multiple 
epitope specificity's on the same antigen, immunising with multiple antigens and 
selecting for cells with multiple epitope specificity's on each of those antigens. 

A further embodiment relates to the freezing down of spleen cells (Marusich 1988; , 
Bennick et at 1991) from mice - either naive or immunised with the antigen of 
interest - derived from similarly engineered mice (capable of yielding P-lymphocytes 
that may be immortalised employing one of the approaches described above). Thus 
such cells could be frozen in aliquots and FACS screens performed on them when 
required. In the case of the cells derived from the naive mouse, screens could be 
performed against any antigen with theoretically a similar chance of successfully 
isolating the required clone. The technique could be more powerful if several c naive' 
spleens are harvested together and the total cell population mixed, then aliquoted in 
order to generate 'libraries' with maximum diversity. 

Screening for cells displaying p-lymphocyte specific cell-surface markers 
In a further embodiment of the invention, utilisation of the dual or multi-detection 
capability of the FACS would enable selection for p-lymphocytes from the mixed cell 
population harvested from the mouse through the use of fluorescently labelled anti-p 
cell specific mAbs. Fluorescently labelled monoclonal or . polyclonal antibodies 
specific for any - or a combination - of the following antigens may be utilised to 
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selectively enrich for the appropriate p-lymphocyte population; B220, CD 19, slgM, 
slgD, slgG, CD23, CD19, CD40, CD79a, CD79b, MHC class H (Hardy et al 1991; 
Allman et al 1993; Erickson et al 1996). This selection procedure may then be used 
in combination with any of the antigen specific procedures outlined above to further 
ensure that cell populations sorted are indeed of P-lymphocyte lineage. 

Use of alternative instruments other than the FACS to sort the p lymphocytes 

An alternative cell-sorting system utilises a magnetic colloid, which when coupled to 
an antibody with a specificity to the cell of interest confers on it a magnetic label. The 
cells are then passed through a dipole magnetic flow sorter, which separates cells 
according to their magnetic properties, which are in turn defined by their interaction 
with the colloid-labelled antibody (Moore et al 1998). This method has been used 
successfully to sort T lymphocyte subpopulations. Thus rather than label the antigen 
of interest with a fluorescent marker, as required for FACS sorting, the antigen would ■ 
be labelled with the magnetic colloid. Thus immortalised p-lymphocytes secreting 
antibodies with the appropriate specificity, whether or not als6 expressing cell-surface 
immunoglobulins, could be labelled and hence selected. 

0 

Generation of monoclonal antibodies in other species 

The host of choice for the production of monoclonal antibodies has remained the 
mouse since the origination of the technique by Kohler and Milstein (1975). However 
antibodies have also been produced in other species; most notably rats, rabbits and 
sheep. A rat myeloma line has been developed for rat-rat fusions (De Clercq et al 
1986). Spieker-Polet et al (1995) describes the derivation of a fusion partner to 
enable the production of rabbit-rabbit hybridomas. The cell line was derived by the 
generation of a double transgenic expressing the v-abl oncogene under the control of 
the Eo heavy chain enhancer (Rosenbaum et al 1990) and the N-myc oncogene under 
the control of the Ek K-chain enhancer (Sugiyama 1994). A HAT sensitive fusion- 
partner was generated by appropriate selection of cells derived from the tumourous 
spleen after x-ray irradiation in the presence of 8-azaguanine. Methods for producing 
antibodies using cows (Guidry et al 1986), sheep (Flynn et al 1989), pigs 
(Lumanglas and Wang 1995) and hamsters (Sanchez-Madrid and Springer 1986) as 
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hosts have also been described. These approaches utilised a method involving the 
formation of interspecies heterohybridomas between murine myelomas and spleen 
cells from the immu nised host of choice. It is obvious to those skilled in the art that 
the invention described herein could be applied similarly to any of the above species 
and others in which the appropriate genetic technologies had been developed. 

Generation of humanised antibodies 

The successful application of mouse derived monoclonal antibodies for human 
therapeutic applications has been hindered due to the immunogenicity in man of the 
mouse antibody, independent of it's antigen specificity. Such human anti-mouse 
antibodies (RAMA) neutralise the administered antibody and can also lead to toxicity 
in the patient Thus there is great potential for the production of humanised 
monoclonal antibodies, specifically for therapeutic applications. Several approaches 
have been taken to generate humanised monoclonal antibodies. These include 
EBV/electrofusion facilitated fusion of human blood-derived P cells with standard 
mouse myelomas (Foung and Perkins 1989; Foung et al 1990) or SPAZ-4 (Ostberg 
1986), SPAM-8 (Gustafeson et al 1991; Panova and Gustafsson 1995), Hab-l (Faller 
et al 1990) or CBF7 (Grunow et al 1990; Walper et al 1990; Niedbala and Stott 
1998) heteromyelomas. These heteromyelomas being IgG non-secreting , 
human/mouse hybrids. Other methods have included exposure of human p- 
lymphocytes to anti-CD40 mAbs and EBV (Tsuchiyama et al 1997; Niedbala and 
Stott 1998). Pure human fusion partners have also been established, including the 
HAT sensitive line HK-128 (Kawahara et al 1990), established from a human 
plasmacytoma line and A4H12 cells (Kawahara et al 1992). 

Improved yields of human IgG-secreting hybrids have been achieved by in vitro 
priming the cultured lymphocytes with antigen prior to fusion (Boemer et al 1991). A 
further improvement to the method for generating human lymphocyte-derived 
hybridomas involves the clonal expansion from single p-lymphocytes in the presence 
of human T cell supernatant and irradiated murine thymoma helper cells 
(Steenbakkers et al 1992). 
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A further aspect of the invention describes the derivation of humanised antibodies 
utilising the antibody production technology described herein, but with a host 
transgenic animal in which the endogenous immunoglobulin genes have been 
replaced with human versions of the same genes. However the scope of the invention 
is not limited solely to providing humanised antibodies. It would be obvious to those 
skilled in the art that the. mouse Ig loci or function thereof could be replaced with the 
Ig loci of other species. In this invention the production of humanised antibodies may 
be achieved by crossing the transgenic mice described herein with a transgenic line 
where the mouse Ig genes, have been replaced with their human equivalent. Such a ; 
line is available in the form of the 'Xenomouse' developed by Abgenix and described 
by Kucherlapati et al. 2000 (US Patent 6,114,598). The 'Xenomouse' is presented by 
way of example as an established method. An extension of the Xenomouse 
technology is described in US patent 6,207,418 (Hori et al. 2001). In this invention a 
method is described in which the genes coding for the immunoglobulin heavy and 
light chains of p-lymphocytes harvested from immunised mice - including Xenomice 
- are cloned and expressed in separate cells. Cells expressing the heavy and light 
chains are then fused to generate cells expressing the functional antibody. 

r 

GenPharm international Inc. (now Medarex) developed a similar mouse technology 
(HuMab) which can be used for generating humanised monoclonal antibodies 
(Lonberg and Kay (1999) US patent No 5,877,397; Lonberg and Kay (1999) US 
patent 5,874,299). Alternative methods are described for suppressing the endogenous 
Ig expression, including disrupting the endogenous Ig loci or the use of antisense 
polynucleotides or antiserum targeting either the endogenous Ig transcripts or protein 
respectively. 

Two variations on the above approach are as follows. Firstly to use a different host 
species for the production of the humanised antibodies. Thus the immortaHsation 
technology as described in this invention could be developed in any other species for 
which the appropriate transgenic technology was available, for example but not 
limited to rats, rabbits and sheep. Similarly the technology described in Kucherlapati 
et al. ((2000) US patent 6,114,598) could also be developed in species such as rats, 
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rabbit, and sheep. Thus crosses between identical and preferably isogenic species, 
each germline transgenic for each of the two technologies (described herein and in 
Kucherlapati et al. 2000), may yield offspring with similar utility as that described 
above. 



Examples 
Example 1 

Derivation of transgenic mice expressing the Ecdysone and RXR receptors 

Pre paration of the VgEcR-RXR DNA fragment 

The region encoding the VgEcR and RXR genes, including the appropriate 
transcriptional and translational regulatory control elements (CMV promoter, VgEcR , 
gene, TK polyadenylation signal, RSV promoter, RXR gene and the BGH 
polyadenylation signal) and 25 base pairs of vector sequence flanking both the 5' and 
3' of these elements is PCR amplified from the Vector pVgRXR (Invitrogen; 
Cat#V730-20) using the following primers, 5'- 

GTACTAGTAGGGATTTTGGTC ATGGCTAG-3 ' (Sequence ID 1; 5' VgEcR-RXR 
primer) and 5 ' -GTACTAGTCAGCTGGTTCTTTCCGCCTC AG-3 ' (Sequence ID 2; 
3' VgEcR-RXR primer). The primers include Spe I restriction site 'tails'. There are no 
other Spe I sites present in the amplified PCR product The 6,134bp PCR product is 
then digested with Spe I to yield a 6,124bp product which is cloned into Spe I digested 
and dephosphorylated pcDNA2.1 (Invitrogen; Cat#V400-20). A positive clone 
(pcDNA2.1-VgEcR-RXR), containing a copy of the PCR product is then sequenced 
across the recombinant insert to confirm the fidelity of the PCR: 

Preparation of the DNA fragment for injection into the mouse egg 
A Qiagen maxiprep kit (Qiagen Cat#12362) is used to prepare >500ug of pcDNA2.1- 
VgEcR-RXR plasmid DNA. A 300ug aliquot of this DNA is digested with Spe I and 
the 6,124bp insert (VgEcR-RXR) separated from- the 2,98 lbp fragment by gel 
electrophoresis and extracted using the Qiaquick gel extraction kit (Qiagen; 
Cat#28740). The extracted DNA is then brought to 10ml in lx TE buffer (lOmM Tris 
pH7.5/lmM EDTA) and lOg CsCI added and mixed gently to dissolve. The sample is 
loaded into an ultracentrifuge tube and centrifuged at 65,000rpm for 6 hours in a 
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vertical rotor at room temperature. Fractions (0.5ml) are collected using a needle 
inserted approximately 1cm from the bottom of the tube. Aliquots (5ul) of each 
fraction are run on an agarose gel (1% in lx TAE) and fractions containing DNA 
determined by exposure of the gel to u/v light These DNA containing fractions are 
then pooled and dialyzed against lOOx volume of microinjection buffer (5mM Tns 
P H7.4/0.1mM EDTA) for 8 hours. This dialysis is repeated a further three times. The 
concentration of the DNA is then determined by measuring the absorbance at 260nm 
(microinjection buffer used to blank the spectrophotometer) of a 1:10 and 1:100 
diluted (in microinjection buffer) sample of the dialysed DNA and by application of 
the formula: One unit of absorbance at 260nm (path-length of 1cm) of double- 
stranded DNA=50ug/ml. A sample of the DNA is then prepared for microinjection by 
diluting to 2ug/ml in microinjection buffer and sterile filtering through a 0.22uM 
Millex-GV filter (Millipore; Catalogue #SLGV R25 LS). 

(Wmtion of a homozygous tr ansgenic mouse line for VgEcR-RXR 
Pro-nuclei of fertilized eggs derived from a CBA x C57BL/10 mating are 
nucroinjected with ~2pl of the VgEcR-RXR insert purified above. The microinjected 
eggs are then transferred into pseudopregnant females (see method in Kollias et ah. 
1986) and the offspring analysed for the presence of the transgene in the genomic 
DNA as follows. Genomic DNA is prepared by phenol chloroform extraction and 
ethanol precipitation of lOOul blood taken from 10 day old pups. Using the primers 
SEQ ED 16 and SEQ ED 2, PCR is performed on this genomic DNA and the presence 
of a l,594bp product used as an assay to indicate the presence of the transgene. 
Amplification of a fragment of the beta-globin gene (expected fragment size of 
494bp) is performed in parallel in each of the above reactions as a positive control 
using the primers 5 ' _CC AATCTGCTCAC AC AGG AT AG AG AGGGC AGG-3 ' (SEQ 
m 11; 5' beta globin primer) and 5'- 

CCTTGAGGCTGTCC AAGTGATTC AGGCC ATCG-3 ' (SEQ ED 12; 3' beta globin 
primer). Amplification conditions for the PCR reaction are 94°C for 30seconds, 60°C 
for 90seconds and 72°C for 120secbnds repeated for 35 cycles with a final extension 
for lOminutes at 72°C. Positive GO (V gEcR-RXR positive) founders are back-crossed 
with the parents and the subsequent progeny (Gl) similarly analysed by PCR. Male 
and female VgEcR-RXR positive mice are then crossed and samples of genomic 
DNA prepared and analysed as above until homozygous mice are identified (by 
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comparing PCR product band intensities). These mice are then used as the founders of 
a homozygous continuous line of mice called VgEcR-RXR homozygotes. 



Example 2 

Derivation of transgenic mice expressing c-myc under the control of the ecdysone 
inducible expression system 
Preparation of the c-mvc DNA fragment 

The coding sequence for c-myc (GenBank Accession number: X01023) is PCR 
amplified from a mouse spleen library (Clontech; Cat#7134-1) utilising the following 
PCR primers, 5 ' -GT AGCT AGCGCC ACCATGCCCCTC AACGTG AACTTC-3 ' 
(SEQ ID 3; 5' c-myc primer) and 5'- 

GATCTCGAGTTATGCACCAGAGTTTCGAAG-3 ' (SEQ ID 4; 3' c-myc primer). 
The l,344bp PGR product is then digested with Nhe I and Xho I, whose sites are. 
engineered into the PCR primers and flank the coding sequence at the 5' and 3' 
respectively. The 5' primer also codes for a Kozak consensus sequence between the 
Nhe I site and the ATG initiation codon of c-myc. The l,332bp digested PCR product 
is cloned into the 4,934bp gel-purified DNA fragment from an Nhe I and Xho I 
digestion of pIND (Invitrogen; Cat#V705-20) to generate a 6,266bp product called 
pIND-c-myc. The insert of pIND-c-myc is confirmed by sequencing both strands of 
the cloned PCR product. The insert along with the appropriate expression control 
elements including the five hybrid E/GRE binding sites, the HSp promoter, a BGH 
polyA signal and 25 base pairs of vector sequence flanking the expression and control 
elements, are PCR amplified utilising the following primers 5'- 
GTACTAGTTGCCACCTGACGTCGACGGATC-3 ' (SEQ ID 9; 5' pIND primer) 
and 5 ' -GTACTAGTCTC AGAAGCCATAGAGCCGAC-3 ' (SEQ ID 10; 3' pIND 
primer). The 2,124bp PCR product is then digested with Spe I to yield a 2,114bp 
product which is cloned into Spe I digested and dephosphorylated pcDNA2.1 
(Invitrogen; Cat#V400-20) to yield a 5,085bp construct called pcDNA2.1-IND-c- 
myc. The fidelity of the PCR is confirmed by double-stranded sequencing of the Spe I 

insert 



Pre paration of the DNA fragment for injection into t he mouse egg and generation of, 
homozygous transgenic mou Rf^ line ca lled IND-c-myc 
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An aliquot of the Spe I insert is prepared for injection into fertilised mouse eggs as 
described in Example 1 (Preparation of the DNA fragment for injection into the 
mouse egg) except that in this case the Spe I fragment to be purified is 2,1 14bp. The 
fertilized eggs are then injected with the IND-c-myc Spe I fragment and mice 
homozygous (called IND-c-myc homozygotes) for the integrated IND-c-myc are 
derived as described in Example 1 (Generation of a homozygous transgenic mouse 
line for VgEcR-RXR). Except that the presence of the insert in the blood derived 
genomic DNA preparation was confirmed utilising the primers 5 1 - 
AC AGCTTCGAAACTCTGGTGC-3 1 (SEQ ID 13; 5' c-myc transgene confirmation 
primer) and SEQ ID 10 to yield an expected PCR product of 309bp in replacement of 
primers SEQ ID 2 and S'-CAGCTGCATTCTCCCATCAGC-S' (SEQ ID 16; 5' 
VgEcR-RXR transgene confirmation primer). 

■ - « 

The IND-c-myc homozygotes described above are then crossed with VgEcR-RXR 
homozygotes described in Example 1 to yield a double homozygous line called 
VgEcR-RXR/DSTD-c-myc. After sacrifice by cervical dislocation, cells are harvested 
from VgEcR-RXR/IND-c-myc mice from tissues of interest that contain antibody 
secreting cells such as spleen, tonsil, lymph node, adenoid, appenidix, peyer's 
patches, bronchial-associated lymphoid tissue, bone marrow, mucosa-associaetd 
lymphoid tissue or circulating p-lymphocytes. In general the spleen cells are 
harvested; Where required the cells are gently dissociated from the tissue using a 25g 
needle and syringe and flushing with RPMI-1640 (Sigma; Cat#R0883). The cells are 
then split into four aliquots and placed in four separate 50ml flasks (Greiner; Cat# 
690175). Two containing 10ml RPMI-1640 with 2mM glutamine (Life technologies;. 
Cat#25030-024), 10% Foetal Bovine Serum (Life Technologies; Cat# 16000-036) and 
100 units Penicillin/1 OOug Streptomycin per ml (Life technologies; Cat#15140-114). 
The other two flasks containing the same as above plus 5uM Ponasterone A 
(Invitrogen; Cat#H101-01). Note, Muristerone A (Invitrogen; Cat#H100-01) maybe 
used as an alternative to Ponasterone A. The four flasks are then incubated at 
37°C/5% CO2 for 24 hours. The cells are then harvested from one flask where cells 
were grown in the presence of Ponasterone A and one in which Ponasterone A was 
not present, using a cell scraper, 24hours after plating. Cells were then washed and 
centrifuged (3,000xg) twice in 10ml of PBS, before dete rminin g the protein 



WO 03/089630 



PCT/GB03/01650 



41 



concentration of the sample using the Bradford protein assay (Bio-Rad; Cat#500 r 
0002). Different concentrations of cells (10 to O.lug total protein) are separated by 
SDS-PAGE under reducing conditions and the protein transferred to nitrocellulose by 
standard Western blotting techniques. Using an anti-c-myc antibody (Santa Cruz 
biotechnology, Cat#sc-764) and standard Western blotting techniques known to those 
skilled in the art, the relative increase in c-myc expression in the cell sample 
incubated with the activator Ponasterone A is confirmed. That these cells - at least in 
part - include a population of immortalised p lymphocytes is determined by Western 
blotting, detecting with an antibody specific for such cells, for example anti-CD 19 
(Santa Cruz; Cat#8500). In addition immortalisation of the cells cultured in the. 
presence of Ponasterone A and not those lacking Ponasterone A is demonstrated in 
that the former cells grow after repeated cell passage, whereas the latter cells die after 
a few days and thus cannot be indefinitely passaged Thus demonstrating the utility of 
Ponasterone A regulateable c-myc expression for immortaKsing spleen cells. 



Example 3 

Derivation of transgenic mice expressing abl under the control of the ecdysone 
inducible expression system 

This procedure is identical to that described for deriving the c-myc transgenic 
described in Example 2 except for the following modifications. The coding sequence 
for abl (GenBank Accession number: V01541) is PCR amplified from a mouse spleen 
library derived from a mouse infected with the Abelson murine leukemia virus 
utilising the following PCR primers, 5'- 

GTAGCTAGCGCCACCATGGAGCCTGGTGGAGTTGGC-3' (SEQ ID 5; 5' abl 
primer) and 5'-GATCTCGAGTCAAGCTTGCTGTCCAAGATC-3' (SEQ ID 6; 3' 
abl primer). The 516bp PCR product is then digested withMie I and Xho I and the 
504bp digested product is cloned into the 4,934bp gel-purified fragment from an Nhe 
I and Xho I digestion of pIND (Invitrogen; Cat#V705-20) to generate a 5,438bp 
plasmid called pESID-abl. The insert of pIND-abl is confirmed by sequencing both 
strands of the cloned PCR product. The insert along with the appropriate expression 
control elements are cloned into pcDNA2.1 as described in Example 2 except that the 
PCR product generated with primers SEQ ID 9 an 10 is l,296bp and l,286bp after 
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Spe I digestion. This Spe I digested product is then cloned into Spe I linearised 
pcDNA2.1 to yield a4 i 257bp plasmid caUed pcDNA2.1-IND-abl. The homozygous 
double transgenic mouse line called VgEcR-RXR/IND-abl is then prepared similarly 
as that for c-myc described in Example 2 but in this example using the Spe I IND-abl 
fragment for mouse injections. Presence of the IND-abl insert in the blood genomic 
DNA sample is confirmed using the primers 5'-AGCTGCCCTGCACCTTTCCTG-3 , 
(SEQ ID 14; 5' abl transgene confirmation primer) and SEQ ID 10 to generate a PCR 
product of 733bp. Induction of abl expression in the presence of Ponasterone A is 
demonstrated similarly to c-myc as described in Example 2, except that an anti-abl 
antibody (Santa Cruz; Cat #13076) is used to detect increased expression of abl upon 
induction. The ability to generate immortalised spleen cells with the VgEcR- 
RXR/IND-abl mouse line is demonstrated similarly to the method described in 
Example 2 for the VgEcR-RXR/IND -c-myc line. 



Example 4 

Derivation of transgenic mice expressing abl and c-myc under the control of the 
ecdysone inducible expression system . - l 

The VgEcR-RXR/IND-c-myc transgenic mouse (see Example 2) and the VgE<% 
RXR/DSTD-abl transgenic mouse (see Example 3) are crossed to , yield a triple 
homozygous transgenic called VgEcR-RXR/IND-abl/c-myc. The presence of all three 
transgenes is confirmed using the following primer pairs to generate PCR products of 
defined size from genomic DNA samples derived from blood samples taken from the 
transgenic mice; SEQ ID 16 and 2, 13 and 10, and 14 and 10 for the confirmation of 
the presence of VgRXR (l,594bp), IND-c-myc (309bp) and IND-abl (733bp) 
transgenes respectively. The primer pair SEQ ID 11 and 12, which amplifies a 494bp 
beta globin gene product is used as a control in each of the above PCR reactions to 
confirm the presence of mouse genomic PCR template in the reaction. 

The Ponasterone A inducible expression of both c-myc and abl and the immortalised 
growth of the cells of interest harvested from the triple transgenic is performed 
according to protocols described in Example 2 for c-myc and Example 3 for abl. 
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Example 5 

Derivation of transgenic mice expressing inducible SV40 large T antigen 
under the control of the ecdysone inducible expression system 
This procedure is identical to that described for deriving the c-myc transgenic 
described in Example 2 except for the following modifications. The coding sequence 
for the S V40 Large T antigen (GenBank Accession number: AAB59901 . 1 " 
/db_xref="GI:332753") is PCR amplified from a cDNA library derived from a mouse 

infected with SV40 virus utilising the following PCR primers, 5'- 
GTAGCTAGCGCCACCATGGATAGAGTTCTGAGCAGAG.3' (SEQ ID 7; 5' 

SV40 Large T primer) and 5' 

(SEQ ID 8; 3' SV40 Large T primer). The 2,382bp PCR product is digested with Nhe 
I and JOzo I and the 2,370bp digested product cloned into the 4,934bp gel-purified 
fragment from an Nhe I and Xho I digestion of pIND (Invitrogen; Cat#V705-20) to 
generate a 7,304bp plasmid called pIND-Large T. The insert of pIND-Large T is 
confirmed by sequencing both strands of the cloned PCR product The insert along 
with the appropriate expression control elements are cloned into pcDNA2,l as 
described in Example 2, except that the PCR product generated with primers SEQ ID 
9 and SEQ ID 10 is 3,161bp, which yields a 3,151bp product after digestion with Spe 
I. This digested product is then cloned into pcDNA2.1 to yield a 6,122bp plasmid 
called pcDNA2. 1-IND-Large T. The homozygous double transgenic mouse line 
called VgEcR-RXR/IND-Large T is then prepared similarly as that for c-myc 
described in Example 2 but in this example using the Spe I IND-Large T fragment for 
mouse injections. Presence of the IND-Large T insert in the blood derived genomic 
DNAis confirmed using the primers 5'-AACTTGGCTCCTCCGATGCTC-3' (SEQ 
ID 15 ; 5' Large T transgene confirmation primer) and SEQ ID 10 to generate a PCR 
product of 1 ,069bp. 

Induction of SV40 Large T antigen expression in the presence of Ponasterone A is 
demonstrated similarly to c-myc as described in Example 2 except that an anti-SV40 
Large T antigen antibody (Santa Cruz; Cat #scl47) is used to detect increased 
expression of Large T antigen upon induction. The ability to generate irnmortalised 
spleen cells with the VgEcR-RXR/IND -Large T mouse line is demonstrated similarly 
.i„ ~„^~a ^o^-m ir, T?vj, m n1e ? fnr the VcEcR-RXR/IND-c-myc line. 
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Example 6 

Derivation of transgenic mice expressing abl, c-myc and Large T antigen nnder 
the control of the ecdysone inducible expression system 

The VgEcR-RXR^ND-abl/c-myc triple transgenic derived in Example 4 and the 
VgEcR-RXR/TND-Large T double transgenic derived in Example 5 are crossed to 
yield a quadrouple homozygous transgenic called VgEcR-KXRyiND-abl/c-my(VLarge 
T. The presence of all four transgenes is confirmed using the following primer pairs to 
generate PCR products of defined size from genomic DNA harvested from blood 
samples of the transgenic mice; SEQ ID 16 and 2, 13 and 10, 14 and 10, and 15 and 
10 for the confirmation of the presence of VgRXR (l,594bp), IND-c-myc (309bp), 
IND-abl (733bp) and IND-Large T (l,069bp) transgenes respectively. The primer pair 
SEQ ID 11 and 12, which amplifies , a 494bp beta globin gene product is used as a 
control in each of the above PCR reactions to confirm the presence of mouse genomic 
PCR template in the sample. 

Induction of c-myc, abl arid SV40 Large T antigen expression in the presence of 
Ponasterone A is demonstrated according to protocols described in Example 2 for c- 
myc, Example 3 for abl and Example 5 for the SV40 Large T antigen. The ability to 
generate immortalised spleen cells with the VgEcR-RXR^ND-abyc-myc^arge T 
mouse line is demonstrated similarly to the method described in Example 2 for the 
VgEcR-RXR/IND-c-myc line. 



Example 7 

Derivation of immortalised spleen cell lines from the Immortomouse 

The spleen (other tissues/cell types of interest which may be similarly harvested 
include tonsil, lymph node, adenoid, appenidix, peyer's patches, bronchial-associated 
lymphoid tissue, bone marrow, mucosa-associated lymphoid tissue or circulating B- 
lymphocytes) are harvested form an Immortomouse (Jat et al. (1999) US patent 
5,866,759; Jat et al. (1997) US patent 5,688,692) which has been sacrificed by 
cervical dislocation. Where required the cells are gently dissociated from the tissue 
using a 25g needle and syringe and flushed with RPMI-1640 (Sigma; Cat#R0883). 



(' 
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The cells are then split into two aliquots and placed in two separate 50ml flasks 
(Greiner; Cat# 690175). Both containing 10ml RPMI-1640 with 2mM glutamine (Life 
technologies; Cat#25030-024), 10% Foetal Bovine Serum (Life Technologies; Cat# 
16000-036) and 100 units Penicillin/1 OOug Streptomycin per ml (Life technologies; 
Cat#15140-114). One flask is incubated at 33°C/5%C0 2 while the other maintained at 
37°C/5% C0 2 . Those cells growing at the tsA58 permissive temperature (33°C) 
become immortalised and can be further passaged. 



f 

Example 8 

Derivation of immortalised spleen cell lines secreting antibodies with desired 
specificity from transgenic animals expressing c-myc, abl or c-myc and abl or 
SV40 Large T antigen or c-myc, abl and SV40 Large T antigen under the control 
of the ecdysone inducible expression system as prepared in examples 2, 3, 4, 5 
and 6, employing a standard mouse immunisation schedule. 



Immuniz ation of mouse with an tigen of interest 

The transgenic mouse generated in Example 2, 3, 4, 5 or 6 is immunised with the 
antigen(s) of interest according to standard protocols familiar to those skilled in the 
art The antigen(s) may be any molecule(s) foreign to the mouse but is commonly a 
protein or small peptide. If a small peptide is to be used as the immunogen this may 
be chemically coupled to an antigenic carrier protein such as key-hole lympet 
haemocyanain (KLH), in order to improve the immunogencity of the peptide. There 
are many methods of coupling KLH to small peptides. A common route is to engineer 
a unique cystein residue to either the N- or C-tenninus of the peptide and to couple 
the peptide to KLH via disulphide bridges utilising methods known to those skilled in 
the art. 



By way of example the immunisation protocol may consist of the following steps. 
First a pre-immumsation tail bleed serum sample is taken from the mouse. On day one 
the mouse is immunised with the antigen (1-lOOmicrograms in 0.1-0.5ml of 
phosphate-buffered saline) in a 1:1 mixture with Freunds complete adjuvant (Sigma; 
F5881). The antigen is mixed with an equal volume of Freunds incomplete adjuvant 
(Sigma; F5506) for the second immunisation performed on day 14. A first test-bleed 
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is taken on day 21 and a further immunisation performed on day 28. Further test 
bleeds and immunisations are performed on a two-week cycle until a positive 
antibody response has been determined form the test bleeds (see below). 

Test bleeds may be assayed for the presence of the required response by a number of 
methods familiar to those skilled in the art By way of example this is achieved using 
the enzyme-linked immunoabosrbent assay (ELISA). Thus the wells in a microtitre 
plate are coated with the antigen of interest and blocked. Test bleed serum samples 
are incubated with the coated wells and then washed. The wells are then incubated 
with a secondary enzyme linked antibody conjugate. Such a commonly used 
conjugate is a goat anti-mouse horse-radish peroxidase (HRP) conjugate (Sigma; Cat# 
A3673). After a further wash of the wells the presence of the HRP conjugate 
(indicating the presence of mouse antibodies recognising the antigen) may be : 
determined by the addition of a colorimetric substrate such as OPD (Sigma; Cat# 
P6662). Utilising the above technique^ mice may be identified which have 
successfully developed an immune response to the antigen of interest 

Anti gen labelling 

In order to select antibody-secreting cells by fluorescence-activated cell sorting it i$ 
necessary to label the antigen of interest with an appropriate fluorophore. The 
selection is driven by the choice of wavelengths on the cell-sorter available for 
'exciting' and reading the 'emission' of the sample to be sorted. By way of example 
the antigen may be labelled .with fluorescein which has a fluorescence excitation 
maxima of ~494nm and a fluorescence emission maxima of ~S19nm. Thus cells 
secreting antibodies with specific binding properties and displaying appropriate cell- 
surface immunoglobulins are differentially isolated by labelling specific antigens or 
epitopes of single antigens with different fluorophores each with alternative excitation 
emission characteristics. The selection of the fluorophores determined by the ability 
of the detection system of the cell sorter to discriminate between the presence of the 
different fluorophores in the sample. 



Harvesting of the spleen cells 

The spleen is harvested from the mouse when the ELISA testing of the tail bleeds 
indicates that a satisfactory response against the antigen of interest has been achieved. 
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la addition, a final immunisation is performed two days prior to sacrifice. The mouse 
is sacrificed by cervical dislocation and the skin sterilised with ethanol. All further 
manipulations are performed under sterile conditions. The spleen is removed and a cut 
is introduced along the length of the organ. Using a 25g needle 10ml of RPMI media 
is used to wash out the cells from the spleen. The 10ml cell suspension is recovered 
and the process repeated. The cells are centrifuged at lOOOg for 3 minutes and 
resuspended in 20ml of RPMI then centrifuged again at lOOOg for 3 minutes. The 
cells are then resuspended in 40ml of DMEM/5uM Ponasterone A. At this step the 
spleen cells may be frozen for later use (Bennick et al 1991; Marusich 1988). The 
fluorescently labelled antigen(s) is/are added to the cell suspension which is incubated 
at 37°C .on a gently rotating platform for 1 hour before flow cytometric analysis on a_. 
flow cell-sorter such as the Bekton-Dickinson FACSCalibur. The labelled antigen 
binds to the ceu-surface receptor defining 0 lymphocytes expressing cell-surface 
immunoglobulins which specifically recognise the fluorescently labelled antigen of 
interest Alternatively cells secreting an antibody of interest but not displaying cell- 
surface antibodies may be selected by the method described by Gray et al. (1995) 
employing fluorescently labelled and biotinylated antigens. Single cells of interest are 
plated into single wells of a tissue culture 96 well nficrotitre plate (containing 0.1ml 
of RPMI/10% foetal calf serum/5uM Ponasterone A per well). The microtitre plates 
are then incubated at 37°C and 5% C0 2 and the growth of the cells observed over the, 
next few days. The media is replaced with 0.1ml of fresh RPMI/10% foetal calf 
serum/5uM Ponasterone A every 3 days or until the cell colony is approximately 50- 
70% confluent. At this point 20ul of the cell supernatant is tested for the presence of 
antibodies with the required specificity. Such testing may take the form of the ELISA 
test described above, alternatively more sophisticated assays that closely rnimic the 

♦ 

final application anticipated for the antibody may be used such as scintillation- 
proximity, fluorescence or fluorescence polarisation assays. Clones of interest are 
then sub-cultured from the micro-titre plate into six well plates then into T75 flasks in 
RPMI/10% FCS/5uM Ponasterone A. Further subculturing either in flasks or at 
bioreactor scale may then be performed in order to yield sufficient antibody as 
required. Additionally if required the FACS may be used to identify all P lymphocytes 
independent of the surface IgG present on the cell. This may be achieved using 
fluorescently labelled anti-P cell specific mAbs such as anti-B220, CD 19, slgM, slgD, 
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sI g G, CD23, CD19, CD40, CD79a, CD79b, MHC class H (Hardy et al 1991; Allman 
et al 1993; Erickson et al 1996). This procedure may be used in combination with 
the binding of the fluorescently labelled antigen to the p lymphocyte or to a 
microdroplet harbouring a single cell secreting the antibody of interest, according to 
the method described by Gray et al (1 995). 

• • ■ 

Example 9 

Employing no mouse immunisation schedule: Derivation of immortalised spleen 
cell lines secreting antibodies with desired specificity from transgenic animals 
expressing c-myc, abl or c-myc and abl or SV40 Large T antigen or c-myc, abl 
and SV40 Large T antigen under the control of the ecdysone inducible 
expression system as described in examples 2, 3, 4, 5 and 6, 

Spleen cells (or other antibody secreting cells) are harvested (following the method a 
described in Example 8; Harvesting of spleen cells) from a naive mouse (non- 
immunised) of either the VgEcR-RXR/IND-c-myc (see Example 2), the VgEcR- 
RXR/END-abl (see Example 3), the VgEcR-RXR/IND-abl/c-myc (see Example 4), the 
VgEcR-RXR/IND-Large T (see Example 5) or the called VgEcR-RXRyTND-abl/c- 
myc/Large T (Example 6) lineage. Immortalised spleen cell lines derived from any of 
the above lineages secreting the antibody of interest are selected according to the 
methods described in Example 8 (Antigen labelling and Harvesting of the spleen 
cells). Alternatively the spleen cells may be frozen after harvest for later use (Bennick 
et al 1991; Marusich 1988). Thus a large batch of naive spleen cells (from several 
spleens) may be frozen down in several aliquots for later use, thus further simplifying 
the cell selection methodology as further experiments would require only the thawing 
' out of one vial of cells rather than the sacrifice of a fresh mouse and preparation of the 
cell sample. 

Example 10 

Derivation of immortalised spleen cell lines secreting antibodies with desired 
specificity from the Immortomouse as described in example 7 employing a mouse 
immunisation schedule. 
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Immortomice are immunised with the antigen(s) of interest according to the methods 
described in Example 8 (Immunisation of mouse with antigen of interest). Once an 
appropriate immune response has been detected the antigen is labelled and the spleen 
cells harvested according to the methods described in Example 8 (Antigen labelling 
and Harvesting of the spleen cells). Except that the cell culture is performed in the 

* ■ 

absence of Ponasterone A and at 33 C. 



Example 11 

Derivation of immortalised spleen cell lines secreting antibodies with desired . 
specificity from the Ixnmortomouse as described in example 7 employing no 
mouse immunisation schedule. 

Spleen cells are harvested from a naive mouse (non-immunised) according to the 
method described in Example 8 (Harvesting of spleen cells) except that the cell 
culture is performed in the absence of Ponasterone A and at 33°C. Clonal selection of 
the desired cells is performed employing a cell-sorter according to the protocols 
described in Example 8 (Antigen labelling and Harvesting of the . spleen cells) except 
that the cell culture is performed in the absence of Ponasterone A and at 33°C. 
Alternatively the spleen cells may be frozen after harvest for later use (Bennick et ah 
1991; Marusich 1988). Thus a large batch of naive spleen cells (from several spleens) 
may be frozen down in several aliquots for later use, thus further simplifying the cell 
selection methodology as further experiments would require only the thawing out of 
one vial of cells rather than the sacrifice of a fresh mouse and preparation of the cell 
sample. 

Example 12 

Derivation of immortalised spleen cell lines secreting antibodies with desired 
specificity utilising the methodologies described in Examples 8, 9, 10 and 11 from 
transgenic animals expressing c-myc, abl or c-myc and abl or SV40 Large T 
antigen or c-myc, abl and SV40 Large T antigen under the control of the 
ecdysone inducible expression system as prepared in examples 2, 3, 4, 5, 6 or the 
Immortomouse described in example 7 after breeding these mice to 
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homozygosity with one which is a null mutant for the p53 tumour suppressor 
gene. 

The homozygous p53 null mutant described in Jacks et al (1994) is bred to double 
homozygosity with any one of the transgenics described in examples 2 to 7. Cells 
secreting antibodies with the desired specificity are then derived as described in the 
appropriate examples 8, 9, 10 or 11. 

Example 13 

. /- 

Derivation of transgenic mice providing humanised antibodies utilising the 
methodologies described in Examples 8, 9, 10, 11 and 12 and the transgenic mice 
described in Examples 2, 3, 4, 5, 6, 7 or 12 

Humanised monoclonal antibodies may be generated by crossing one of the 
transgenic mice described in either Example 2 (VgEcR-RXR/IND-c-myc), Example 3 
(VgEcR-RXR/IND-abl), Example 4 (ygEcR-RXR/INP-abl/c-myc), Example 5 
VgEcR-RXR/IND -Large T, Example 6 (VgEcR-RXR/IND-abl/c-myc/Large T), 
Example 7 (Tmmortomouse) or Example 12 (as 2 to 7 but also p53 with a mouse 
in which all or part of the immunoglobulin coding sequence has been replaced with 
the equivalent human sequences. The two selected mouse lines are bred and PGR 
analysis of DNA derived from the genomic DNA harvested from the blood of the 
progeny is screened to ensure that the offspring harbours the required genetic 
information provided from both transgenic founders. Examples of mice with 
humanised immunoglobulin sequences that could be used to cross with the mice 
described in Examples 2, 3, 4, 5, 6 or 7 include the Abgenix Xenomouse TM (Green 
et al. 1994; Mendez et al. 1997; Kucherlapati et al. (2000) Human antibodies derived 
from humanised Xenomouse, U.S. patent 6,150,584; Kucherlapati et al. (2000) 
Generation of xenogeneic antibodies. US patent 6,114,598) and the Medarex HuMab- 
mouse (Lonberg et al (2001) US patent 6,300,129). Monoclonal antibodies are then 
derived unlising the methodologies described in Examples 8 or 9 where 
knmortalisation is achieved by expression of oncogenes under the control of the 
ecdysone promoter system either with or without a mouse immunisation step 
respectively or in Examples 10 and 11 for derivation of antibodies from the 
immortomouse again with or without a mouse immunisation step respectively. 
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Having described the present invention in some detail by way of illustration and 
example for purposes of clarity of understanding, it will be obvious to one of ordinary 
drill m the art that the same can be performed by modifying or changing the invention 



within a wide and equivalent range of conditions, formulations and other parameters 
without affecting the scope of the invention or any specific embodiment thereof, and 
that such modifications or changes are intended to be encompassed within the scope 
of the appended claims. 
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Sequences 
SEQID 1 

5' VgEcR-RXR primer 

5' -GTACTAGTAGGGATTTTGGTCATGGCTAG-3 ' 
SEQID 2 

3 ' VgEcR-RXR primer 

5 ' -GT ACTAGTC AGCTGGTTCTTTCCGCCTC AG-3 ' 

SEQID 3 

5' c-myc primer 

5 ' -GT AGCTAGCGrCCACC ATGCCCCTC AACGTG AACTTC-3 ' 

SEQ ID 4 

3' c-myc primer 

5 ' -GATCTCGAGTTATGCACCAG AGTTTCGAAG-3 ' 

SEQ ID 5 
5' abl primer 

5'-GTAGCTAGCGCCACCATGGAGCCTGGTGGAGTTGGC-3' 

SEQID 6 
3 ' abl primer 

5 ' -GATCTCG AGTCAAGCTTGCTGTCC AAG ATC-3 ' 
SEQID 7 

5 ' S V40 Large T primer 

5 ' -GT AGCTAGCGCC ACC ATGGAT AGAGTTCTGAGC AG AG-3 ' 
SEQ ID 8 

3 ' S V40 Large T primer 

5 ' -GATCTCGAGTCAATAAACTGTGTATTCAGC-3 ' 
SEQ ID 9 

5 ' pIND vector primer 

5 ' -GT ACTAGTTGCCACCTGACGTCG ACGGATC-3 ' 
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SEQ ID 10 

3 ' pIND vector primer 

5 ' -GTACTAGTCTC AGAAGCC ATAGAGCCC AC-3 ' 

SEQ ID 11 

5' beta globiri primer 

5 ' -CCAATCTGCTC AC AC AGGAT AGAG AGGGC AGG-3 ' 

SEQ ID 12 

3' beta globiii primer 

5 ' -CCTTG AGGCTGTCCAAGTGATTC AGGCC ATCG-3 ' 
SEQ ID 13 

5' c-myc transgene confirmation primer 
5'- ACAGCTTCGAAACTCTGGTGC-3 ' 

SEQ ID 14 

5' abl transgene confirmation primer 
S'-AGCTGCCCTGCACCTTTCCTG-S' 

SEQ ID 15 

5' Large T transgene confirmation primer 
5'-AACTTGGCTCCTCCGATGCTC-3 ' 

♦ 

SEQ ID 16 

5' VgEcR-RXR transgene confirmation primer 
5 , -CAGCTGCATCCTCCCATCAGC-3' 
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CLAIMS 

1. A method for producing immortalised antibody-secreting cells, comprising: 

(a) providing a transgenic animal having antibody-secreting cells capable of 
expressing one or more transgenes, wherein the antibody-secreting cells are in a non- 
immortalised state in the absence of a stimulus and are capable of changing to an 
immortalised state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus; 

(b) extracting the antibody-secreting cells from the animal; and 

(c) exposing the antibody-secreting cells to the stimulus, thereby immortalising the 
antibody-secreting cells by means of me transgene or transgenes. 

2. A method for producing antibodies, comprising producing immortalised antibody- 
secreting cells by a method as defined in claim 1, and collecting antibodies from the 
cells. • 

3. A method for preparing a clonal population of irmnortalised cells which produce a 
monoclonal antibody, comprising: 

(a) providing a transgenic animal having antibody-secreting cells capable of 
expressing one or more transgenes, wherein the antibody-secreting cells are in a non- 
immortalised state in the absence of a stimulus and are capable of changing to an 
immortahsed state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus; 

(b) extracting the antibody-secreting cells from the animal; 



(c) exposing the antibody-secreting cells to the stimulus, thereby immortalising 
antibody-secreting cells by means of the transgene or transgenes; 
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(d) selecting an immortalised antibody-secreting cell which produces the antibody; 
and 

(e) preparing the clonal population of immortalised cells from the immortalised 
antibody-secreting cell. 

4. A method according to any preceding claim, wherein expression of a transgene in r 
the antibody-secreting cells is under the control of an inducible promoter, and the ^ 
stimulus is capable of regulating activity of the promoter and transgene expression, . . ; 

5. A method according to claim 4, wherein the stimulus promotes promoter activity . 
and transgene expression- 

6. A method according to claim 4, wherein the stimulus inhibits promoter activity and 
transgene expression. 

7. A method according to any preceding claim, wherein a product of a transgene in 
the antibody-secreting cells promotes immortalisation in the presence of the stimulus, , 
and does not promote immortalisation in the absence of the stimulus. 

• * * 

8. A method according to any of claims 1 to 5 or claim 7, wherein the transgene is an ; 
oncogene. 

* 

9. A method according to claim 8, wherein the oncogene is a gene for the large T ■ 
antigen. : 

10. A method according to any of claims 1 to 5 or claims 7 to 9, wherein the 
transgenic animal is an immortomouse. 

11. A method according to any of claims 1 to 4 or claim 6, wherein a product of a 

+ 

transgene in the antibody-secreting cells inhibits immortalisation in the absence of the 
stimulus, and does not inhibit immortalisation in the presence of the stimulus. 
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12. A method according to claim 11, wherein the transgene is a tumour suppressor 
gene. 

13. A method according to any of claims 1 to 5 or 7 to 9, wherein a product of a 
transgene in the antibody-secreting cells inhibits a tumour suppressor function in the 
cells. 

14. A method according to claim 13, wherein the transgene is mdm2 r 

15. A method according to claim 13, wherein the transgene comprises ere 

* 

recornbinase, the tumour suppressor function results from a tumour suppressor gene, 
and the tumour suppressor gene, or a functional part thereof is flanked with loxp 
sites. 

16. A method according to claim 13, wherein a product of the transgene comprises an 
antisense RNA or ribozyme RNA which is capable of inhibiting expression of a 
tumour suppressor gene. 

17. A method according to any of claims 12 to 16, wherein the tumour suppressor 
gene or tumour suppressor function comprises p5 3. 

18. A method according to claim 8, wherein the oncogene comprises myc, abl, bcl-2, 
v-rel, ras, papillomavirus E6 protein, papillomavirus E7 protein, adenovirus El A, 
PIM1, RhoH/TTF or PAX5. 

19. A method according to any preceding claim, wherein the transgenic animal 
comprises antibody-secreting cells in which a tumour suppressor gene has been 
deleted. 

20. A method according to any preceding claim, wherein the method comprises the . 
further step of immunising the transgenic animal with an antigen before step (b). 

21. A method according to claim 20, wherein step (d) comprises selecting an 
antibody-secreting cell which produces an antibody which recognises the antigen. 
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22. A method according to any of claims 3 to 22, wherein step (d) comprises 
fluorescence activated cell sorting. 

23. A method according to any of claims 1 to 19, wherein the transgenic animal is not 
immunised. 

24. A method according to any preceding claim, wherein the stimulus comprises a 
temperature change. 

.(.•.* 

25. A method according to any preceding claim, wherein the stimulus comprises al- 
chemical stimulus. 

26. A method according to any preceding claim, wherein the antibody-secreting cells 
comprise B lymphocytes. 

27. A method according to any preceding claim, wherein the antibody is a humanised : 
antibody. 

28. A method according to any preceding claim, comprising a further step of storing 
the antibody-secreting cells at a temperature of 0°C or below, after extracting the 
antibody-secreting cells from the animal, and before or after exposing the antibody- 
secreting cells to the stimulus. 

29. A method for producing a monoclonal antibody, comprising producing a 
population of immortalised cells by a method as defined in any of claims 3 to 28, and 
producing the monoclonal antibody from the population of immortalised cells. 

30. A clonal population of immortalised antibody-secreting cells obtained by a 
method^as defined in any of claims 3 to 28. 

31. A monoclonal antibody obtained by a method as defined in claim 29. . 



WO 03/089630 PCT/GB03/01650 

75 

32. An isolated, immortalised antibody-secreting cell derived from a transgenic 
animal, wherein the cell expresses one or more transgenes, the cell is capable of being 
maintained in an immortalised state by means of the transgene or transgenes in the 
presence of a stimulus, and the cell is capable of changing to a non-immortalised state 
in the absence of the stimulus. 

33. An isolated clonal population of immortalised antibody-secreting cells which 
produce a monoclonal antibody, comprising a population of immortalised antibody- 

* 

secreting cells as defined in claim 32. 

* 

34. Use of a transgenic animal for producing immortalised antibody-secreting cells, 
wherein the transgenic animal has antibody-secreting cells capable of expressing one 
or more transgenes, and wherein the antibody-secreting cells are in a non- 
immortalised state in the absence of a stimulus and are capable of changing to an 
immortalised state by means of the transgene or transgenes upon exposure of the cells 
to the stimulus. 

35. Use of a transgenic animal for producing an antibody, wherein the transgenic 
animal has antibody-secreting cells capable of expressing one or more transgenes, and 
the antibody-secreting cells are in a non-immortalised state in the absence of a 
stimulus and are capable of changing to an immortalised state by means of the 
transgene or transgenes upon exposure of the cells to the stimulus, and the transgenic 
animal is used to provide immortalised antibody-secreting cells capable of producing 
the antibody. 
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